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PREFACE. 



The Author of the following pages having been called 
upon frequently, for many years past, to give explana- 
tions on numerous points that have guided him in the 
varied works in which he has been engaged, has been 
led to entertain the opinion, that, if these were embo- 
died in a connected series of Illustrations on the Prin- 
ciples and Practice of Ventilation, they would present 
the bearings of this subject in a form that would render 
them generally accessible to non-professional readers. 
He has also to explain, that in none of the Works hither- 
to executed under his directions, has he ever had the 
opportunity, either in Buildings or in Ships, of intro- 
ducing his plans, with all the advantages of which he 
considers them susceptible, were they incorporated in 
the original design, instead of being merely appended 
to designs or works already executed. 

In the attempts which he has made to assist in 
placing the Practice of Ventilation on a more precise 
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and systematic footing, his eflfbrts were devoted prin- 
cipally, in the first place, to the amount of air required 
for this purpose. Hundreds of individuals were suc- 
cessively made the subject of experiment in the manner 
described afterwards, and the result led to that enlarged 
supply, which forms the leading feature in those pecu- 
liarities he has introduced. After the amount of air 
had been determined, and the extent to which the or- 
dinary estimate ought to be varied, according to the 
ever-changing circumstances under which Ventilation 
is conducted, extreme diffusion — the ingress and egress 
of the air — the moving power when natural ventilation 
was not sufficient — the nature of the mechanical power 
to be employed, or the mode of applying heat when it 
was preferred — ^the plenum and vacuum impulse — the 
chemical examination of the air to be used — ^its purifi- 
cation when necessary — ^the communication of moisture 
— the treatment of fresh air saturated with moisture — 
the direct exclusion of the products from the combus- 
tion of gas-lamps and other artificial lights — the pre- 
vention of descending currents from cold glass, — and 
numerous other circumstances, engaged attention, each 
building to be ventilated having been treated as a piece 
of apparatus, and absolute power obtained over the in- 
gress and egress of air, so far as the peculiarities of the 
case rendered this necessary or desirable. 

Before the discoveries of Priestley, Scheele, Lavoisier, 
and Black, the term Ventilation could have had no 
distinct and definite meaning, such as is now attached 
to it. The great lineaments which it presents might 
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ien have been unfolded, but the Chemistry of the nu- 
merous gases which have since been made known was a 
blank in the page of science. They too often surrounded 
or entered the habitations of men without being per- 
ceived, along with the more subtle malaria and conta- 
gion^ as to which, though information may still be very 
defective, many important points have been ascertained, 
particularly in respect to the circumstances by which 
they arc nourished and propagated, and the means by 
which they may be dissipated or destroyed, A very im- 
portant discovery, also, which has thrown a new flood 
of lighten rcspiration, transpiration, and the movements 
of gases, vapours, and gaseous emanations generally^ 
whether simple in their compositions or loaded with 
impurities— one which has the most important and 
practical bearings on Ventilation, is so strictly modem, 
that it is to Dr Dalton that science is indebted for the 
first exposition of its nature, and to Professor Graham 
for that full development which has placed its practical 
relations in a definite form before the public. 

The progress of Ventilation received a great impetus 
from the appointment of a Committee of the House of 
Commons, on Acoustics and Ventilation, in the year 
1835, on the motion of Benjamin Hawes, Esq., M,P, 
Numerous parliamentary documents, not only con- 
nected with the Houses of Pai'liament, but also with 
other Public Buildings, with private DweUing-Houses, 
and with Mines, Ships, and Manufactories, shew the 
extent to which it has lately formed a leading object 
of consi deration. It constitutes one of the most im- 
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portant items to which the attention of the Health of 
Towns' Commission is directed. The various statistical 
and sanatory reports that have been issued from the 
Home Office, and from the Medical Departments of 
the Army and of the Navy, under the direietion of Sir 
James M*Grigor and Sir William Burnett, add much 
interesting information on the same question. And, if 
we look to the medical profession generally, the obser- 
vations of Sir James Clarke on Consumption, and on the 
Sanative Influence of Climate, the remarks of Dr Combe, 
Dr James Johnston, Dr Forbes, Dr Southwood Smith, 
and numerous others, and the ingenious suggestions 
and improvements introduced by Dr Amott, all shew 
how broadly the necessity of improved Ventilation is 
appreciated, more especially since Tredgold had the 
merit of placing this subject in a more consistent posi- 
tion than it had ever previously presented. 

But, unless the public be sufficiently informed to se- 
cond the eflfbrts that are made, so that their results 
shall penetrate into the habitations of individual men, 
a long and lingering period may elapse before Ventila- 
tion can be generally introduced to the extent that is 
desirable for health in ordinary dwelling-houses. 

Mental anxiety may, perhaps, be considered the most 
powerful enemy to the duration of human life, and, 
next to it, defective nutriment, whether in quantity or 
quality. But after these, no other cause, at least in 
modern times, appears to have inflicted so great an 
amount of evil upon the human race as defective Venti- 
lation — too often the forerunner of plagues and pesti- 
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lence in former timeSj and associated, even at present, 
with an immense loss of life^ which is abundantly testi- 
fied iu Mr Chadwick's Reports and other official docu- 
ments. Imperfect Ventilation supplies bad air from 

without; it increases within all its deleterious effects; 
and, if it really exert that amount of evil which has 
been represented, surely general education, one of the 
most influential of all remedies^ ought to be brought to 
bear upon it. 

The power and grandeur of Chemistry, in its rela- 
tions to the arts and sciences* have been universally ac- 
knowledged, and its value in agricultm'e is beginning to 
be more generally recognized; but the great truths which 
it has developed, have as yet been very partially and 
imperfectly applied to the improvement of health — the 
highest, the most deeply interesting, and the most prac- 
tically useful of all its applications. Chemistry has 
shewn that no operation of art presents such a continu- 
ous and incessant series of changes as those that take 
place in the living system, and are essential to all the 
functions of life, and affords a fair and reasonable hope, 
that it may be ultimately as important in increasing the 
duration of human life, and in improving health and 
strength, as it has already proved in giving man new 
and increased powers over all the materials of the in- 
organic world. 

Innumerable resources have been provided by an all- 
bountiful Providence for ministering, perhaps indefi- 
nitely, to the necessities, as well as to the comforts of life, 
but many of them remain comparatively barren and un- 
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productive from the want of proper cultivation, while the 
operation of varied causes of danger, disease, and death, 
perpetually adding to the suflferings of man, might often 
be eflFectually prevented, were he in general to study the 
nature of his own frame, and of the agents with which 
he is surrounded. This, in conjunction with lessons on 
the Chemistry of daily life, would present great re- 
sources and capabilities without additional expenditure, 
by the new means of economy and improvement which 
would then become accessible to individual men. Nor 
is there any department of science which might not thus 
be brought to bear more rapidly and more eflFectually 
on the progress of art. Endless opportunities of im- 
provement only await the skill and activity of man to 
be indefinitely extended and applied ; but unless the key 
to thenature of the material world be given by some 
explanatory lessons on science, and especially on Che- 
mistry, the most awakening and fundamental of all the 
physical sciences, the power of improvement, even in 
civilised nations, must remain comparatively a sealed 
book to a large mass of the community. 

In its great and leading features. Ventilation presents 
no complexity as applied to individual apartments; 
though a deficiency of knowledge in those who conduct 
or manage it, often renders the most simple and valua- 
ble plans of little or no use. But in complicated struc- 
tures, where many contending circumstances require ad- 
justment, and where very limited measures only have 
been introduced, it is often difficult to say whether defi- 
ciency of skill in the management of the means at com- 
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mand, or unreasonable expectations as to the effects 
anticipated, when the apartments are over-crowded^ 
may be most at fault in reference to the circumstances 
that may, at the momentj engage attention. It would 
be well were it more generally kept in recollection, 
that the amount of Ventilation desirable in any indi* 
vidual apartment, is as various as the archi tectum! 
structure in which it is introduced, the numbers with 
which it may be crowded, the purposes to which it 
may be applied, the degree of comfort which may be 
demanded, the habits and feelings of those to whom 
it must he adapted ^ the amount of value which they 
may be disposed to place upon fresh air, and the con- 
dition of the external atmosphere from which the 
supply is to be procured. 

Air must, in reality, be considered in the same light 
as food I and, therefore, the amount of supply, the 
condition in which it is introduced, and equality of 
distribution, are essential considemtions in every 
well- ventilated apartment. In discussing systems of 
Ventilation, the amount of supply is too frequently 
lost sight of, though this may constitute the principal 
cause of expense in one plan com pared with another. 
Again, it is often forgotten that any merely architect 
tural arrangement, either for Ventilation or other 
purposes, when once finished, may be regarded as 
being completed for ever; but the management of 
Ventilation in a crowded and varying assembly, is 
like the management of a musical instrument, which 
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must not only be tuned to a proper key, but sustained 
continuously with an impulse apportioned to the 
strength and tone with which it ought to breathe. 

Dr Reid is glad to have this opportunity of express- 
ing his acknowledgments to Benjamin Hawes, Esq., 
M.P., the Chairman of the Committee of the House of 
Commons on Acoustics and Ventilation, to the Right 
Hon. Lord Sudeley, the Chairman of the Committee 
for Selecting the Designs for the New Houses of 
Parliament, and to the Commissioners of Her Majesty's 
Woods and Forests, who have continued to afford him 
every facility in carrying into execution the principal 
experiments described in this work, viz. those made 
in the House of Commons. These experiments 
might have been rendered more complete, had time 
permitted the adjoining apartments and passages to 
have been included along with the House of Commons, 
but this was not required for the purposes recom- 
mended by the Committee. It must not be under- 
stood, however, that nothing is done for the principal 
lobbies. On all occasions when they are crowded, 
the atmosphere is changed at intervals by establishing, 
through one of the minor staircases, a communication 
between them and the base of the ventilating shaft; 
every gas light, also, is effectually ventilated. 

In the Chapters on the Ventilation of Ships, the 
Author has introduced various plans and sections illus- 
trating the form and disposition of the different decks : 
a glance at these will sufficiently explain that, unless 
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numerous instruments or separate ventilating powers be 
resorted to, an arrangement that becomes more and 
more objectionable, in proportion as the number is in- 
creased, it is impossible to expect satisfactory Ventila- 
tion, particularly in stormy weather, without providing 
some of those ventilating channels which form one of the 
principal features of some of the arrangements he has 
proposed for ships. 

In Mines, the introduction of larger supplies of air, 
shorter air courses, the use of a Lamp on the principles 
recommended by Dr Clanny in his Improved Lamp, the 
Education of the Miners, and the use of a Carbonometer, 
or some equivalent instrument, appear to constitute the 
more important points that demand attention. 



In the experiments with which the Author has been 
recently engaged, he has had the able assistance of his 
friend, John Imray, Esq., A.M., Engineer, who has also 
been associated with him in many of the consultations 
with which he has latterly been occupied. 

Dr Reid has only further to add, in these prefatory 
remarks, that if the illustrations he has given shall con- 
tribute to assist the Architect in designing — ^the Physi- 
cian in practising — and others in regulating the atmo- 
sphere in which they live, in unison with the principles 
of Ventilation, he will not have to regret that he has 
ventured to present them in the only form in which his 
professional engagements have allowed him time to place 
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them. He trusts,- however, that they will also lend 
their aid, however humbly, in introducing select lessons 
on Science in Elementary Schools, an object of as much 
consequence to the physical wants of man, as the ele- 
ments of literature are to his moral and religious condi- 
tions, and to his daily intercourse in the ordinary affairs 
of life. 
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INTRODUCTION. 



1 . It has pleased the Author of Nature so to constitute man, 
that his" body is dependent on the materials with which he is 
surrounded for nourishment and support, and influenced by a 
number of agents which never cease to modify the tone of his 
constitution, throughout the whole period of his existence. They 
not only afiect his animal frame, but, from the manner in which 
the living spirit is associated with the corporeal tenement in 
which it dwells, they equally influence his mental faculties. 
Their just operation is essential to all the functions of life ; but 
their undue or unequal action, if not so extreme as to cause 
death, may lay the foundation of bad health, and give rise to 
morbid impressions unfavourable to the development of power, 
activity, and accuracy of thought and action. Among these, 
heat, light, and electricity, in all their changeftil and fluctuating 
movements, are ever modifying his sensations; at times com- 
municating a buoyancy, elasticity, and gaiety of feeling, which 
he can scarcely repress, while on other occasions he becomes 

(0 
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the victim of the fatal influence which they produce upon his 
system. 

2. But no agent exerts a more continuous power upon man 
than the atmosphere by which he is surrounded. There is no- 
thing, perhaps, that presents a more wonderfiil combination of 
properties than is manifested in the endless variety of purposes 
which it serves, in respect to his own frame, as well as in reference 
to the general economy of nature. He depends upon it for the 
breath of life. It forms the great pabulum vitce, to which all 
other nourishment is subordinate, and without which death im- 
mediately ensues. It is the medium of communicating to the 
eye the light that displays the visible creation to his view ; it 
developes in the vital fluid that circulates in the body the warmth 
by which the living frame is animated ; it is the medium of those 
vibrations, without which there would be no voice to cheer man 
in his present abode, no language, no melody, nor harmony of 
sounds ; it conveys the fragrance of the most odoriferous and 
attractive flowers ; it warns him equally, by their offensive im- 
pression, of numerous sources of disease and danger. Ten thou- 
sand rays or undulations may pass through it from the regions 
of space, and from the varied objects at the surface of the earth, 
unfolding at every point of the horizon which the eye can com- 
mand, the grandeur and variety of the works of creation ; and 
still no jarring movement is permitted to disturb the innumerable 
intersecting paths through which they move, or to counteract 
the influence which they all individually impress upon the human 
frame. 

3. Through the medium of the air, the purer water, evapo- 
rated from the surface of the land and of the ocean, is waited to 
different regions, and returned again to fertilize the soil, and 
quench the sufferings of thirst. 

4. Again, air promotes the disintegration of all organic mat- 
ter, converting, ultimately, the dead and decaying remains of 
animal and vegetable life into gaseous or soluble products, a large 
portion of which becomes diffused through the atmosphere, and 
serves in the course of time for the support of new generations. 
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Thus the very dust of the ^ound passes in an insensible form 
into the sdi\ and is subsequently absorbed in the vicinity of the 
place when? it may have been produced^ or conveyed by aerial 
currents into distant lauds^ where it appears in a new shape, as 
it renews its position in the vegetable kingdom, aflbrding, in 
this conditmn, materials which flourish for a time, and then be- 
come the subject of tlie same series of changes in never-ending 
cyelea. 

5. But the atmosphere is no leas wonderful when viewed in 
the various changes which it effects in the animal and vegetable 
kingdom, than in the mild and genial movements wMch it pre- 

ts on a summer's eve, or in the violent action which it assumes 
the wind, the rain, and the tempest- 

6, If we look to the movements of the air in the great theatre 
of the globe itself, wo shall find it perpetnally circulating be- 
tween the equator and the poles, contributing much to moderate 
the extreme temperatures that wonld otiierwiso prevail in the 
torrid and polar regions, and diffusing, in all the minor streams 
into which it is thrown by local causes, a perpetual freshness and 
purity, by which the general ventilation of the different regions 
of the globe is maintained. 

7- If we tui'n to man himself, nothing can afford a more use- 
ful lesson, from which we may draw the most important practical 
conclusionsi, than the examination of the relation which the 
human frame bears to the atmosphere by which it is suiTounded. 
I^ot only does the air act continually wherever it presses upon 
the surface of the body ; it is even brought into contact with the 
blood witliin the inmost recesses of the lungs, where its renovating 
action purifies this vital fluid before it returns to the heart, from 
which it circulates in a living stream to every part of the body, 
producing a never-ceasing circle of chemical changes, so long aa 
there is life to sustain its movements. And, if we count tlie 
number of respirations made in a minute, they i*411 be fonnd in 
general to amount to twenty ; so that, upon an average, we draw 
upon this great magazine, the atmosphere, for nourishment and 
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support, no less than twelve hundred times every hour during the 
whole period of our existence. 

8. Nor has nature been more profuse in its supply of that 
aerial fluid with which we arc surrounded, than careful in the 
means adopted for its eflScient application. The interior surface 
of the minute cells of the luftgs has been calculated to present 
an area about twenty times greater than the surface of the body ; 
while the sanguiferous system incessantly returns the vital fluid 
from every part of the frame to the heart as uniformly as it is 
propelled, that it may again be renovated by the free draught of 
air which is so greedily inhaled by the lungs. 

9. The external surface of the body performs functions of 
great importance to the maintenance of a sound and strong con- 
stitution, though they may be interrupted to a greater extent for 
a time than the function of the lungs, without so immediately 
affecting life. The operation of insensible perspiration continues 
without ceasing its invisible agency, unless when urged by ex- 
treme heat or other causes, into inordinate action, or suppressed 
by some injurious influence that tells speedily upon the constitu- 
tion. The whole surface of the body is in reality penetrated 
with a multitude of pores, through which the air exerts a similar 
agency to that which proceeds with greater energy in the lungs. 

10. The continuity of the action of the air is sustained in 
the human frame by a process no less remarkable than the extent 
of the arrangements for securing its full and effective influence. 
Not only is a powerful apparatus brought into play, by the ope- 
ration of the mechanism of the chest, and the effect it produces 
along with the heart and bloodvessels, so as to sustain the circu- 
lation of the blood, by which, and all the varied movements 
connected with the function of respiration, the perfect aeration 
of the whole frame is effected ; but these, in their turn, pro- 
duce a degree of temperature in the living frame, superior, in 
general, to that of the atmosphere by which it is surrounded. 
From the change of equilibrium that necessarily ensues, the 
vitiated, warm, and light expanded air — expanded after it comes 
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in contact witL tlie living frame, whether rejected from the lutiga 
€ir fi^m contact with the surface of the body — continually gives 
way to the colder and denser atmosphere which presses it up- 
wards by a slow and gentle movement ; and this being heated in 
its tnmj is followed, in endless succession 3 by a perpetually re- 
swiug curreut throughout the whole period of existence. 

1 1 . Oxygen is the name of the principal element that conies 
into play in all the more peculiar effects produced by the action 
of the air on the living frame. It is perhaps the most interest- 
ing and important element which has been discovered. It forme 
one-fiMi part of tho air by measure, and is an agent equally sin- 
gular for the extent of its distribution, and the important pur- 
poses wbich it sen-ea in the general economy of the globe. It 
eoiiBtitutes eight-ninths of the water of the globe by weighty and 

(^bout one half of it3 more abundant solid contents, so far as has 
been ascertained* Few of the products of the animal and vege- 
table kingdoms do not contain it» No statement indeed is more 
literally true^ than that it forms more than one-half of the mate- 
rials of which the globe is composed, so far as man is yet 
acquainted with it- In short, it is more particulai'ly that portion 
of the air which the Author of Nature has created for the more 

^immediate support of animal and vegetable lifCj and for affording 
the means of procuiing ai*tificial heat and ligbt by combustion, 

12. If we look practically to the action of the air upon the 
living frame, it is impossible tg contemplate the extreme import- 
ance tbat must necessarily be attached to the supply of air in a 
pure form, as indicated by the eomplication and extent of the 
provisions that have been made for this purpose, without contrast- 
ing them mih the comparative indifference that is^ in geneml, 
entertained by man himself as to the proper exercise of the func- 
tion of respiration, 

13. The koowledgo of the actual existence of that invisible 
and attenuated air by wUicb man is so closely surronnded^ is sel- 
dom realized with that convincing consciousness of its presence 
which is necessary to enable him to appreciate its influence on 
hn fivstem. Presenting notldng gross and tangible to the exter- 
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nal senses, when he is defended from the more seyere fluctnations 
of an outward atmosphere, a process of reflection becomes neces- 
sary to force this truth practically upon his attention. He may 
be said to have, in general, no belieying faith in the real relation 
that subsists between his own frame and the air that he breathes. 
He is, accordingly, comparatiyely indifferent as to the nature and 
quality of the air that he consumes. Present to him any grosser 
material such as he can eat or drink, and his sensibility may 
be exquisite ; he will descant upon such matters indefinitely on 
many occasions, and spare neither pains nor expense to satisfy 
the demands of his appetite. But the quality of that finer, more 
ethereal, and purer food, which has access directly and without 
any interrening digestive process to the living blood, is a matter 
of such comparative indifference, that he is too often content to 
breathe indefinitely the polluted atmosphere that may have pre- 
viously visited a thousand lungs, so long as there is a sufficient 
infiision of fresh air to prevent absolute and immediate oppression, 
or to produce such marked effects as to awaken him more precisely 
to the actual position in which he is placed. 

14. The standard of taste for fresh and pure atmospheric air 
even among those classes of society who have every luxury at 
command, must be considered at present as very much below what 
is required for health ; and even where the want of it is felt and 
acknowledged, the amount of value placed upon it is so small and 
trifling, that the expense and trouble of providing proper channels 
for its supply are considered serious objections to its introduc- 
tion. Hence, architectural arrangements have too often been 
considered independently of ventilation ; protection from without, 
and stability and beauty of structure, are not the sole requisites 
for architectural perfection. The supply of a pure and whole- 
some atmosphere is essential in the adaptations required in each 
individual building ; and so far as practical utility is taken into 
consideration, instead of placing the supply and regulation of air 
so much in the back ground, it ought, in reality, to form one of 
the primary features of every architectural structure in which a 
defence is offered from the external elements. When the air is 
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of tnibrior quality, the mental faculties are subdued and dete- 
riorated ill praportion as the body is oppressed by tbe Titiated 
atmosphere, pure air being not only essential for the proper de- 
relopinent of tlie bodily frame, but also requisite for the duo 

energ^'^ of the intellectual functions, 

1 5, Till the discoTeries of xnodem science revealed tbe nature 
iWB/i composition of atmospheric air, and the reciprocal action 
t^t ensues between it and the blood, the architect was, in re- 
spect to this question^ like a traTeller without a gnide^ and had 
no distinct appreciation of the position in which man is placed 
in respect to the atmospheric ocean in which ho lives. And 
eren where the fiicts now adverted to are known and recoUected, 
JStill the rough and rude treatment to which the lungs are sub- 
jected, tbe ntiatcd atmosphere which they are so often called 
upon to inhale^ and the transitions of atmoapheric and artificial 
temperatures to which they are carelessly subjected, shew clearly 
how little the valae of a mild and fresh atmosphere is practically 
appreciated ; while the rayages of con sumption j and the extended 
catalogue of evils accompanying diseases of the organs of respi- 
ration, point out the vast amount of misery that might be ob- 
riated, and of death that might be prevented, were the leading 
principles and practice of tentilation more generally under- 
stood, 

16- A now era dawned upon this question when the consti- 
tution of atmospheric air was unfolded, the theory of respiration 
and combustion explained, the constituent elements of the corpo- 
real frame traced more minutely in their varied movements in 
the living system, and the chemistry of the gases extended by 
the brilliant discoTories of the present age* The practical ap- 
plication to architecture of the truths then developed, appeal's to 
have bc*en encompassed, howevei% with numerous difficulties, so 
that the most extreme variety of practice may stiO be ob served j 
some depending upon the magnitude of the structure for the ne- 
ocsaary supply of air, others looking to doors or windows, while, 
in a more limiteii number of examples, special channels are made 
for tlie admission of air. An unbounded field of investigation 
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is Opened in the endless yarieties of adaptations required in the 
details for special structures, and the nature of the yentilating 
power which, under different circumstances, it may be most ex- 
pedient to employ. Mere variety of practice is in itself unob- 
jectionable, as the details of ventilation are necessarily as various 
as the details of architectural structure. The variety of estimates 
as to the amount of supply have always been a leading difficulty. 
Perhaps no buildings have been subjected to such numerous ex- 
periments as the Houses of Parliament, to which Sir Christopher 
Wren, the Marquis of Chabannes, Mr Davies Gilbert, Sir 
Humphrey Davy, and many others, directed their attention ; and 
it may afford some clue to the diversity of practice that has been 
prevalent, if it be remembered, that the area of discharge, pro- 
vided by Sir Humphrey Davy, in the present House of Com- 
mons (at that time the House of Lords), was one foot ; whereas 
at present it is fifty feet, and this is frequently worked by a 
power which renders it equivalent to several times that which 
would arise from any ordinary discharge. 

17. It will bo obvious indeed, that until a more general under- 
standing shall have been entered into, as to the amount of air 
with which the system ought to be supplied, and the extent to 
which this should be placed under control, a reasonable expec- 
tation cannot be entertained that public buildings and private 
dwelling-houses will be much more systematically supplied with 
air than at present. This is the most important and primary 
question on which all other points depend. A false estimate as 
to the amount of supply required is an irreparable evil. So long 
as this difficulty is not specifically entered into, no suite of ar- 
rangements, however perfect in other respects, can be expected 
to give satisfaction. The simplicity of the arrangements re- 
quired for ordinary purposes, and the difficulties connected with 
peculiar structures, where the architect, in indulging his pro- 
fessional taste, has too often taken an unbridled licence in ex- 
cluding the necessary supply for the lungs, are so often imper- 
fectly appreciated, that too frequently nothing whatever is at- 
tempted beyond the imperfect arrangements of doors and win- 
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dows^ any tiling being considered good enough for ventilation, 
j. €, for tlic lungs* 

18, Bnt the progress of this qnestion will necessarily be limi- 
ted to a great extent, till the public shall acquire more informa- 
tion on tliose numeryns matters connected with it which havo 
attracted so much attention of late years. Until the great ele- 
mentary truths of physical science shaJl be introduced as essen- 
tial branches of education in schools and academies, among the 
humblest as well as in the highest walks of life, it cannot be ex- 
pected that there will be that desirable appreciation of the value 
of a pure and wholesome atmosphere which must eyer he one 
of the principal objects of all who desire to advance the cause 
of public health. The cloud must be removed that veils at pre- 
sent the true state of the case from the great mass of the com- 
munityp 

19. The number of individuals is comparatively small who 
are really aware of the magnitude of the evils arising from the 
respiration of vitiated air* It is not generally understood that 
in innumerable public and private assemblies, churches, theatreSj 
schools^ &C.J an atmosphere is often breathed for !ioui*s continu- 
ously which is as foul and offensive, compared T\dth the air that 
is congenial to the lungs, as the water of the Thames at London 
Bridge contrasted with a pure mountain spring. It is uo eat- 
aggei'ated statement to affirm, that the greatest scom-ge with 
which this and so many other climates is affected, viz, consump- 
tion, owes it origin more to ignorance of the laws of health con- 
nected with the peculiarities of exposure to altcnitions of air 
and temperature, and to the severity of local draughts, than to 
any disadvantages connected with the local state of the atmo- 
sphere which cannot be met with proper care and attention ; 
that mmierous other diseases, particularly catarrhs, rheumatisms, 
and pleurisies, often spring from this cause : that a depreciatt^l 
tone of mental vigour, as well as of bodily health , may, in end- 
less examples, be traced to the same cause ; that the most deadly 
plagues that have ever appeared have heen aggravated, if not 
nitisect by want of cleanliness and ventilation , and that the 
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ordinary typhoid ferer of this country almost invariably origi- 
nates under similar circumstances : that hospitals imperfectly 
Tentilated hare in some cases proved a curse instead of a bless- 
ing to the miserable patients who have been conveyed to them ; 
that public establishments are known to the medical profession, 
where, at one time, from the same cause, no case of compound 
fracture ever recovered, few or none survived the amputation of 
a limb ; mortification attacked every wound, however trivial, 
while the prostration of strength became so great, that men who 
had at first stood the severest operations without a murmur, sub- 
sequently cried like children from the slightest pain ; and that 
cases have actually presented themselves where the apparently 
lifeless corpse, subdued and oppressed far more by the atmo- 
sphere with which it was surrounded, than by the disease to 
which it was supposed to have fallen a victim, has actually been 
known to revive after removal to the dead-room, a separate 
apartment, where the play of a wholesome atmosphere, flowing 
unrestrictedly upon it, revived the fading flame of life after it 
was to all appearance gone, and where health and strength were 
ultimately restored ; that the practice in hospitals has been ac- 
companied with the most decided reduction of mortality as the 
ventilation has been improved : that even in cities, generally, 
the mortality has regularly diminished as the external ventila- 
tion of the streets has been placed on a better and more syste- 
matic footing, by increased attention to cleanliness, and by af- 
fording free channels for the passage of air. 

20. But, independent of the more serious and direct attacks 
of disease, there are numerous minor evils that often prey upon 
the constitution, where the air is of inferior quality. The long- 
continued action of vitiated air gradually undermines the tone 
and strength of the stomach ; the appetite diminishes, and the 
citadel or mainspring of the constitution being thus enfeebled or 
destroyed, all the other powers of the system also gradually give 
way. This may be observed in numerous dwelling-houses, in 
many varieties of shops, offices, and counting-houses, and in va- 
rious trades and sedentary occupations, where the natural wants 
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the system^ a proper care as to regularity of diet and to exer- 
in the open mr, are absorbed in attention to business* It 
d be well iudeod wet's in diyi duals m exposed, to pause and 
calculate, with a little of that keenness with which they enter upon 
theii' daily pursnits, the extent to which they are obliged to draw 
upon the capital of their constitution in labouring under the op- 
pression which an inferior atmosphere always developcs. Pre- 
atnre old age is indeed one of the most certain consequences of 
ng exposure to a vitiated atmosphere, especially when it is ac- 
companied by an over-ausious and harassing attention to busi- 
ness I and in various oceupationSj the short span of human life 
is abridged many yeai's by this cause, independently of the low 
tone at which it often flows, and the endless discomfort and annoy- 
^■^ce to which, in such cases, it is so often subjected, 
^" 21. Nor are the moral and intellectual faculties to bo for- 
^cotten in considering the influence of a vitiated atmosphere, as 
^B^e energy and tone of both is lowered and depressed by had air : 
^tlie^e are impaired as much at least as the corporeal functions, 
and, when not subdued by the mere force of the oppression to 
which they are subjected, are ofton forced into an unnatm^al state 
of excitement, equally incompatible with health, and with the 
sober Cixercise of the reasoning faculties. 

22* Ventilation consists in the dne and appropriate supply of 
air to any ap^lment, passage, or other cavity to which the ex- 
ternal atmosphere has not free and unlimited access. It re- 
quires, accordingly, to he as various in difterent buildings as their 
^^rchitectui*al constniction, the climate in which they are placed, 
^Khe materials of wluch they are composed, the purposes to which 
they are applied, and the habits of the inmates by whom thej 
are occupied. Eivtcrnal Ventilation is a term frequently nsod 
to indicate the supply of air to streets, squares, courts, and al- 
leys, or to any special situation or area not included by bnild- 
^■ligs, and the quality of the air as dependent on any special cir- 
^^^umstauces by which it may be affected p 

23, Much of the misunderstanding that prevails, too generally^ 
in renpect to ventilation, arises from the extreme diversity of 
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standards which different indiyiduals consider essential to their 
comfort. This eyil is greatly aggrayat<?d by the different pro- 
rision which is generally made for modifying the ventilation in 
unison with the yariety of circumstances in which even the same 
constitution may be exposed. Ventilation requires, in all ordi- 
nary cases, to be yaried firom time to time, according to numer- 
ous circumstances, subject to perpetual fluctuation, which are 
noticed in the succeeding chapters. 

24. It will be sufficiently obyious, that due and appropriate 
yentilation, howeyer simple it may be in indiyidual cases, is, in 
reality, in many public buildings, a yery large question, more 
particularly in complicated structures, and cannot be successfully 
studied without entering on a number of different subjects, among 
which the most important are the following : 

I. The general properties of gases. 

II. The nature of atmospheric air, the changes to which it 
is subject, and the impurities with which it is apt to be contami- 
nated. 

III. The processes of respiration and transpiration, by which 
the sir is brought into immediate action upon the living system, 
and the influence of these functions on atmospheric air. 

IV. The process of combustion, and the yarious modes of 
communicating artificial warmth to the air, as the open fire — ^the 
stoye — steam and hot-water apparatus. 

V. The deterioration of the atmosphere by artificial illumi- 
nation ; the effect produced by lamps and candles. 

VI. The nature of gas ; the arrangements by which the 
strong objections to its more general introduction may be ob- 
viated. 

VII. The means of securing yentilation — natural ventilation 
— artificial yentilation — yentilation by fire — yentilation by me- 
chanical power — the pump, the fanner, the screw, the bellows, 
the windmill yentilator, &c. 

In special cases, particularly in manufactories where noxious 
products are oyohed, unless their nature, and the manner of dis- 
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posing of them, be understood, no certain results can be antici- 
pated from tlic mode in wliiclx they arc treated. 



25, It mil also be remarlted tbat the nature and amount of 
ventilation mu&t be modified by the extent of space to which it is 
applied, the numbers that may be crowded together^ and the 
rapidity and extent of alternations to which they may be subject. 
In the House of Common s^ where the number fluctuates con- 
tinually, proyision is retiuired for 800 at one time, and in a 
few minutes afterwards for fifty or sixty only, or even a much 
smaller number^ which , in a short timCj may be as rapidly in- 
creased as it was diminished. 

26, Again, the system of ventilation adopted frequently requires 
peculiar modifications from the particular circumstances in which it 
is appUedj more especially in mineSj ships, steamboats, transports, 
manufactories J prisons, hospitalSj schools, theatres, refreshment- 
rooms, courts of law, hotels, dwelling-houseSj coaches, stables, 
tunnels, and, in short., under all eircumstances where the air is 
specially affected either by the individuals presentj or the nature 
of the mateiials to which it may be exposed. 

27* The necessity of ventilation to man arises from the atruc- 
ture of the human frame, its relation to the air with which it is 
surronndedj and the manner in whicli air generally is affected 
by respiration and transpiration — by many natural operations — 
by many of the products both of the animal and vegetable king- 
dom, and innumerable operations of art. These tend to vitiate 
the air and render it unwholesome by the evolution of noxious 
products, or by withdrawing that peculiai' principle — -oxygen — - 
on which its power of supporting life more pre-eminently de- 
pends* 

28, When the external atmosphere is pure, and the system 
free from disease, the air feels light and elastic, respiration is 
performed unconsciously, the mental faculties are serene, the 
bodily strength great, the appetite good, and the sleep calm and 
refreshing, 

2l>. But when the air is of inferior quality, the respiration 
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becomes uncomfortable, and often anxious or oppressire, the 
strength begins to fail, the general tone of the system is de- 
pressed, the power of bodily or mental exertion becomes im- 
paired, the sleep anxious and uncertain, and, in extreme cases, 
where the air has been yitiated to a great extent, death rapidly 
ensues. In more minute proportions, impurities in the air pro- 
duce an endless variety of discomfort and disease, sometimes in- 
ducing a sense of languor or debility that may bo barely recog- 
nised; while, on other occasions, they undermine the constitution 
by a slow and insidious action, which is too often accompanied by 
a permanent loss of health. 

30. Ihirity and freshness are still more essential in the sup- 
ply of atmospheric air for respiration than in that of ordinary 
aliments, as the air undergoes no special chemical preparation 
before it acts upon the system, but is transferred at once to the 
cells of the lungs, and there it is almost directly brought into 
contact with the blood, nothing intervening between them ex- 
cept a minute portion of the most attenuated membrane, which 
does not prevent their tendency to affect each other. 

31 . The principal object of ventilation being to supply pure air 
for respiration, it may be well for the reader to familiarize him- 
self with some of the leading facts mentioned in the following 
paragraphs. The standard of quantities assumed is the mean 
of varied observation by different experimenters. Few results, 
however, are more various than the number of cubic inches of 
air respired by different individuals at the same period, or by the 
same individual at different periods, and hence great diversity 
may be expected in the result of the analysis of expired air, ac- 
cording as it is diluted largely with air from the mouth or nostrils, 
or obtained by a forced effort from the lungs after that in the 
larger air-passages shall have been expelled. 

32. The pure air received into the lungs is always diluted 
with the air already there, before it acts upon the blood in the 
cells. 

33. The inhabitants of London, amounting in number to two 
millions, respire, every minute, 370,370 cubic feet, or 12i tons 
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nf air, and consequently require, for respiration alonoj 6,663,0 Otl 
turn per annum. Allowing, however, 10 cubic feet per minute 
to each indiviilnal for the supply of his rarioua wants, the con- 
Bumption amounts to 359,000,000 of tons annually, or nearly 
1,000,000 of tons daily. 

34. In a roi;>m containing 1,000,000 cubic feet of air there 

_^^ asaembled 10,000 persons. The whole of the air will have 

m respired in nine hours, while an adequate supply often cubic 

Et per minute to every person would necessitate a total change 

Ery ten ininuteSy or a supply of fresh airaniounting to 6,000,000 

_of cubic feet, or 205 tons per honr. 

36* In a room 12 feet square and 12 feet bigh^ containing^ 
erefore, 1728 cubic feet of air, there are ten persons who re- 
pire the whole air in the room in 15^ hours, and require a com- 
plete change GYcry seventeen minutes in order to supply them with 
10 cubic feet per minnte, Sucli a cbange niij^ht be effected by 
the ingress and egress of air through apertureSj 1 sqnare foot in 
area, at the rate of 100 feet per minnte, or H mile per hour* 
36. In the same manner, in a ehurch, 80 feet long, 50 feet 
^de, and 40 feet high, containing therefore 160,000 cubic ibet, 
may be 1000 persons. For their suijply there would be 
juired a change every sixteen minutes, or about 20 tons of 
eah air every honr. 
37* One man during a life of 50 years makes 525,600,000 
spirations, inspires 166.3 tons of air, consumes 18.57 tons 
'oxygen, discharges 19.8 tons of carbonic acid from hh lungs, 
containing 5.475 tons of carbon, or about 80 times the weight 
his own body (150 lb.). Were he allowed 10 cubic feet of 
per minute, he would, during 50 years, have used nearly 900 
tons. 

38* Theinhabitants of the earth, taken at 1,000,000,000, 
Teapire annually 3,327,000,000 of tons of air, and evolve 
r millions of tons of cai'bou. The total weight of the atmo- 
^herc is about 5,261,000,000,000,000 of tons, so that it 
lould requb^o 1,580,000 years to elapse before the whole atmo- 
bbcre could be respir^^d by the human inhabitants oi* earth. 
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39.Oftlieatmospliere,78porcent.or4,103,600,000,000,000 
tons are nitrogen, and 22 per cent, or 1,157,400,000,000,000 
tons are oxygen. Of this quantity, there are annnally consumed, 
by the human inhabitants of the globe, 371,250,000 tons of 
oxygen, so that it would require nearly 3,120,000 years for this 
supply to be exhausted, supposing respiration to be carried on 
till the last portions are consumed, did no principle exist by which 
it could be renovated. The quantity of carbon and moisture 
evolyed eyery minute by one individual, by respiration alone, 
amounts to 3.27 grains of carbon, and 3.2 grains of watery 
vapour. From an assembly of 1000 persons, there would, 
therefore, be evolved, in one hour, 28 lb. of carbon, and 27 it lb. 
of water. 

40. The whole inhabitants of the earth discharge annually 
from their lungs, 107,000,000 tons of water, a quantity which, 
if collected together, would form a sphere nearly 2000 feet in 
diameter. 

41. The inhabitants of London, taken at 2,000,000, eyolye 
annually, from their lungs, about 220,000 tons of carbon, and 
215,000 tons of water. 

42. At a sitting of the House of Commons on a very leading 
question, when 800 persons, members and strangers, are present 
for twelve hours, air is required for 11,520,000 respirations. 

20 = respirations by one person in one minute. 
60 = minutes per hour. 

120O = respirations per hour. 
12 = hours of sitting. 



14400 =: respirations per 12 hours. 
800 = number of members and strangers present. 



1 1,520,000 = number of respirations made by 800 persons in twelve hours. 

43. It has been found, that a man makes, on an average, 
20 respirations per minute, and that at each respiration he in- 
hales 16 cubic inches of air. 

It may be assumed that he consumes oxygen amounting to 
10 per cent, by volume, of the air inspired, and discharges about 
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7.8 per cent* of carlioni(i aciid g'as. Tlie accordance of those 
numberSs with the* mean of estimates given by the authnritiGS 
cited, will appear from the annexed table. 



Autdorttis^. 




CarWuic Acid dii^iluiT^ed, 


I>r ThomeoDr - - ^ 
Alliin and P^pja, . , 
Sir H, Davy, . . - 
Ij:ivmsier tmd Be^in^ 
MenzieSi ..,*.. 
' Coaihupe and Llabig. 


9.875 per cent. 

assio ... 

11.320 ... 


3.72 percent. 
ai2o ,.. 
6.875 ... 
4.200 ... 

7J50^* ... 



44, On the whole, it may be stated,* that, for 320 cabie 
inches of air inhaled per minnte, there ai^e consumed 32 cubic 
inches of oxygen, and there are discharged 25 cnbie inches of 
carbonic acid gas. And on these numbers the following table 
has been diawn out. 

45. The weight of the gases has been calculated from the 
Tolume given and the specific gravity, and the weight of carbon 
evolved is to that of carbonic acid discharged as 6.12 is to 
22*12. the numbers expressing the atomic equivalents of those 
bodies. Out of the 22.12 parts by weight of carbonic acid, 6.12 
being carbon, the remaining 1 6 parts ai*e oxygenj a proportion 
which leads to the 1 0th column of the ta,ble. The 11 th column is 
found by subtracting the weight of oxygen combining with car- 

'bon, so as to produce carbonic acid, from the total weight of 
oxygen consumed ; and therefore expresses the amount of oxygen 
retained in the body, or discharged in combination with hydi-o- 
gen, producing watery vapour. The weight of watery vapour, 
in the last column, is that which is due to the saturation of the 

♦ given voliune of expired air at the average temperature of 98°, 
and is about the 1*1 00th pai't of a grain per cubic inch. 

• This laifi only b* token as au approiimatioti. The extreme diverHitj of the 
fteiiJta obtained under difFerent ciroutHEtances, ebews that nothing can be eit_ 
pe<;t«d (^ lead to a prttper genet'atiifatiunn, except a much more extensive and mi- 
tmt« fieri** of ejiperiroente than has hitherto bf^en cunductiid. 
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PART L 

PRELIMINARY REMARKS ON THE IMPROVEMENT 
OF HEALTH. 



CHAPTER I. 

INTRODUCTION OF SELECT LESSONS ON SCIENCE IN 
ELEMENTARY SCHOOLS. 

46. Eyery one who Jias cast eren the most transient glance 
at the statistical returns that hare dereloped the relatiye yalae, 
or duration of different conditions of human life, mast see that 
its ayerage worth is yery considerably below the standard of 
expectation, which a proper attention to the means of preserying 
health would justify. To what extent the powers of the human 
constitution may enable life to be prolonged, and health and . 
strength to be sustained, by proyiding for the yarious wants 
which its relation to external agents demands, it would be im- 
possible to define by any yery precise and accurate line. But 
if we look to the facts pointed out by modem chemistry and 
physiology in reference to the human frame, and contrast the 
proyisions which the Creator has made for giying it power and 
endurance, with the extent to which these are too often coun- 
teracted by ignorance, or inattention to the laws of life, or by 
the recklefis and careless indifference with which health and life 
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arc exposed, it is not affirming too mnch to say, that a great 
addition to its length and to comfort might be reasonably anti- 
cipated in all classes of society, were the laws that r^ulate it 
generally understood, and applied to the circumstances of daily 
life. 

47. An honoured age of eighty, ninety, or a hundred years 
might then be expected to become the average standard of hu- 
man life, instead of the exception, as it is at present. Cities 
and country villages would emulate each other in showing a popu- 
lation whose health and strength would give grace and dignity 
to human nature. Some breathing time would be afforded for 
contemplation, and for the cultivation both of mind and body. 
A whole population passing through a hurried, a wretched, and 
an ephemeral existence, would not so frequently count its victims 
by thousands and tens of thousands who are often, with much 
truth, represented as being bom only to die again, and every class 
of society would attain a higher standard- or tone in all the great 
relations by which humanity is encircled. 

48. Results such as these could not spring from any single 
cause : the power of religion, the assistance of legislation, and 
the more general enlistment of all the sympathies of human na- 
ture, in favour of elevation of character, even among the humblest 
and most degraded of society, must engage more attention, as 
the most interesting and important of all occupations, indepen- 
dently of the mere alleviation of those physical wants and evils 
to which humanity is subject. Nor can any other measures be 
expected to penetrate into individual habitations, or awaken 
that cordial understanding between different ranks of life, the 
interruption to which, wherever it occurs, must ever be con- 
sidered one of the greatest misfortunes to which society is liable, 
from the extent to which it paralyses all efforts for ameliora- 
tion. 

49. But, T^ithout adverting more particulai'ly to questions that 
could not be discussed here without entering into details, the 
length of which would be incompatible with the more specific 
objects of this work, it may be observed that Tm^i fftaxtroy may 
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be ju.st!y applied to the necessity of a knowlt*ilgo of tlio physical 
laws ot* life^ as the oaly sure basis of improving tlie physiciil man, 
in the same manner as self-knowle^lge is indispensable to the im- 
proyement of the souh 

50* T)ic association, accordingly, of proper means of communi- 
cating a knowledge of the great elementary truths of science, so 
far as they bear on the affairs of daily HfOj with the ordinary 
means of education, is considered the prineipiil desidcratiim for 
enabling more specific infoi-mation to be acquired by all classes 
of society on the relations of the human frame to the external 
world J on the evils to wluch it is too often subjected, and on the 
advantages which would result from the adoption of measures 
by which they might be avoided ; and if, tor many years, I have, 
at such leisure hours as my professional engagements permitted, 
giren nimierous courses on the cbemistry of daily life to school- 
masters and young persons, such as I gave lately to a thousand 
teachers in Exeter Hall, under the sanction of the Committee of 
the Privy Council on Education, and joined with those who have 
advocated such measnres, both in theory and practice, it has 
been from the conviction that it cannot otherwise be expected 
to attain those objects which the pr ogives s of science^ as well as 
the wants of human nature, point out, by equally convincing evi- 
dence, as links of the great chain unfolded by the natural pro- 
greis of society* 

51. T think I may now be permitted to say, that I have ascer- 
tained, by the courses refeiTcd to, and by numerous inquiries made 
in England, Scotland, and Ii'eland, that, were the questions taken 
tip on a great scale, an expense of from five to seven hundred 
pounds per annum, continued for a limited period, would soon 
enable missionary teachers to traverse the whole kingdom, and 
teach schoolmasters, who may not have had other opportunities, 
the great elementary truths that bear on health and length of 
life, enabling them not only to apply many of these in their own 
schools, but also to become the medium of introducing them to 
their pupils, and, thi*ough them, fjfradually to the whole commu- 
liitv. were thoy to give fivuiiliar explanations, and simple exper 
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OKitrta] tllttatrationR, once a week, of the facts which they would 
be tau^fht* In the chemical department, the great barrier to 
ineh progreiis in Mime bcUooIb has been the attempt of the 
uaiter to nse complicated apparatus without adequate instruc- 
tion. Let him content himself with plain apparatus, such as 
may be ptifchaised for one or two pounds, or even with nothing 
ntore than a bottle, a bent tube, a few jars, and such materials 
ai ar« «?ory where accessible in civilized countries, and then, if 
ft proper selection of experiraents shall hare been pointed out, he 
will Und that he ha^ the means of thousands of illustrations in 
which hift pupils will delight — to which they will run from theij 
play — and which will present endless topics of interesting coa-j 
reriatton both at hc^me and abroad. 

62* And should any one say that I entertain too sanguine 
anticipations, or that this question is nrged too strongly, I would 
replyj in iM^ first place, that the views I hare expressed do not ex- 
ceed those realities which occasionally appear, notwithstanding 
all the multiplied disadvantages with which they have been sur- 
rounded* 

63. Httowlly^ An examination into the history of many cases ' 
of longevity, of health and strength, and of the influence of early i 
training, where health was considered the primary object, haaS 
eqnally assured mc that any calm and unbiassed enquiry will 
shew, that the expectations entertained ai^e not unreasonable, 
bnt present a proper standard for aspiring to, though years or 
generations in some cases may elapse before they are attained »] 
where the constitution may have been gi"eatly impaired, 

54. TJdrdly^ The scenes which 1 have witnessed during the^ 
last six- and -twenty years in chemical works in wliich 1 have been ■ 
engaged, sometimes for many months continuously —in lanes, fl 
courts, and closes in Edinburgh, in wliich I attended to Dispen- 
BiM'y practice while a student of medicine — in a fever hospital 
with 170 patients, wliere I resided during a severe epidemic — 
in numerous manufactories, mines, and ships — and in all classes 
0f public: Iniildiiigs in this country, and on the continent^ — hare 
imt^ '\ inu more and more strongly^ on each succeeding occa- 
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sioiij With tlie conrictioii that no otlier means would be at aJl 
adequate to cope with the nuigiiitTide of the evils it is d^irable 
to r^ioTe, and to place measurefl tor health on an extensive, con- 
sistent, ocooomical, and practical basig. 

55, The folio wing extract is taken from a pamphlet on the 
study of Ch^mistryj in which thQ importance of conjoining the 
study of the alphabet of nature and of science, with the orcUnary 
branches of education in elementary schools, was advocated in ex* 
pMning the nature of the course given at Exeter Hall, The reader 
ia referred to this pamphletj if he should desire more minute 
statements than can he given here on this q[uestion. 

The henefits arising from such a course would be — 

I, A practical knowledge of sonic of the most important lawa 
affecting health* 

II. A practical knowledge of yeutilationj and of the means, 
in many cases equally simple and economical^ by which the more 
oppressive evils of a vitiated atmosphere may he removed. 

ni. A knowledge of the more important elements of which 
the material world ia composed ; of their action upon each other, 
and upon the human frame. The key that would thus be given 
in early life to the works of nature and the operations of artj 
would necessarily hare the following advantages ; — 

1 . The lessoug given, though few in number, would be equi- 
valent to a great and extended course, when multiplied, after a 
few years, by the experience of daily life in those objects to 
which they are directed. 

2- The knowledge they would impart being in reference to 
materials, the nature, use, and adaptation of which to yarious 
purposes form the occupation of the great mass of mankind, 
great improyeraents in AgricultorEj ArchitjectdrEj Medi- 
omE, Engineer IN a, and in short, in every branch of Art or 
Science, would ensue, from the more extensive and familiar 
knowledge that would then be acquired, by all classes of society^ 
in reference to the nature of the material world. 

3. The staudai'd of professional scioncG among those more 
immediately occupied in professional pux'jsuits would be advanccda 
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as there would then be an opportunity of traimng the eye and 
the ear to observation, and the hand to manipulation, in early 
life ; without these, however much the intellect may be tn^ed, 
it is impossible to educate so accomplished observers, or sncl^ 
accurate experimenters in science. Elementary instruction in 
science has, in other respects also, become essential for young 
persons intended for professions where a knowledge of physical 
science is necessary ; as, from the great progress now made in 
all its branches, it would be as impossible to expect the medical 
man, the engineer, the architect, the manufacturer, and aD Who 
are interested in science, to obtain that amount of information 
from the usual course of education which is now required, with- 
out some previous training in elementary schools, as it would be 
for any one to attain a proper rank as a scholar or a mathema- 
tician, were he never to enter upon the study of classics or ma- 
thematics, till he should join a university. Even now, in some 
professions, it is observed that the period of profei^sional educa- 
tion is not adapted to the present state of science; and if elemen- 
tary instruction, in some branches, at least, be not provided 
systematically in schools and academies, an extended period 
must be allotted to it at a future time, which would bear heavily 
on the means and resources of the advanced student. But if 
this course be omitted, college and university courses must be 
kept at a low par, compared with the ground they would take 
were professors not compelled, as they too often are, at present, 
to begin their courses with the most simple and elementary facts, 
which might be taught more advantageously before the pupils 
come to them. 

4. The resources of the rich, the means of the poor, and the 
comforts of both would necessarily be increased, by the greater 
power that would be acquired in the production of agricultural 
and manufactured articles, as well as by increased economy and 
comfort in their use. 

5. It would give the pupils a new and more expanded view 
of the works of the Creator, and open to their notice innumer- 
able sources of observation, which would tend materially, in cer- 



IN ELEMENTARY SCHOOLS. 25 

tain classes of society, to prerent the power and influence of 
dissipation, which, it is beKeved, is frequently commenced, not 
so much from the attractions it presents, as from individuals 
haying no other interesting means of occupation, when not en- 
gaged in their daily pursuits. 
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CHAPTER II. 

GENERAL CONSIDERATIONg. 

56. The extreme extent to which disease, suffering, and 
death are produced by bad air, and by offensive draughts and 
currents, is well known in the medical profession; but the leading 
circumstances pointed out have not yet engaged that general at- 
tention which the importance of the subject demands, more 
especially because a correct and acknowledged yalue has not been 
put on the power of the human constitution. Every one, accord- 
ingly, appeals, in general, to the common course of events, and 
the standard of life around him, forgetful of the vast field of 
information that pneumatic chemistry and physiology have deve- 
loped within the last fifty years ; and that facts have been 
pointed out, which, if turned as profitably to account by man in 
promoting health, as they have been in advancing the arts and 
manufactures, might reasonably be expected to be accompanied 
by results of equal magnitude and importance. 

57. Again, every one who has traced the insidious progress 
of that disease which counts its weekly victims in the metro- 
polis alone by hundreds, is impressed with the power and in- 
fluence exerted by impure and overheated atmospheres, parti- 
cularly when the constitution is tried alternately with them, and 
noxious draughts or local currents. Sir James Clarke remarks, 
in his work on the sanative influence of Climate, in referring to 
the causes of Pulmonary Consumption, — " Exciting Causes. 
Whatever deteriorates the health may lead to tuberculous 
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cachexy •* residence in a low, damp, and cUilly atmosphero ; 
long coufincuient to close, ill-ventilated rooms, whether nnr- 
seriesj school-rooms, or manufactories ; deficient exercise in the 
open air ; improper food^ either deficient in quantity or of in- 
nutritions quality ; or the habitual use of an over-stimulating 
diet. Ill short, imperfect digestion and assimilation may in- 
duce tuberculous cachexy ; and the earlier in life these causes 
are applied, the more rapidly , in general, will their effects he 
manitesteiL The ofl'spring of the healthiest parents may thus 
become tuberculous in early life, if long exposed to the exciting 
causes enum orated/' In another part of the same work, in ro- 
feiTing to the ventilation and construction of houses, Sir James 
Clarke remarks, — ** Nothing, indeed, can be constructed on a 
worse principle than the hed- rooms in this country generally 
are. Their small size and their lowness render them very in- 
salubrious, unless well ventilated ; and the case is rendered 
worse hy the close windows, and hy the thick curtains with 
which the beds are so carefully surrounded, as if to prevent the 
possibility of the au* being renewed* The consequence iSj that 
the occupants are breathing vitiated air during the greater part 
of the night; that is, during almost one-half of their lives" 
This statement expresses no more than the actual facts of the 
case ; and surely such extensive evils are only to he counteracted 
by the united exertions of numbers, and the progress of general 
education, 

58. If we look to fevers and inflammations, how numerous 
arc the sources of death that might also be avoided by external 
cleansing, removing one of the most irequent causes of disease 
communicated by a vitiated atmosphere, and by attention to a 
more re^iilated atmosphere in dwelling-houses and public build- 
ings, which would prevent the constitution from being subjected 
to sudden and unexpected transitions of temperature, still more 
diwigerons to many than an impiu*o atmosphere. 

^ Tnberculuufi csiehei^ h ilofiuetl to be that morbid istnte of health wbieh pre- 
i, ttud, in fitfftt (x»ns$tUutt?s^ the eiaentinl prediBposing c^uas of putmoQarf cttti- 
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59. How numerous, also, are the deaths that arise from the 
want of precaution in following out many of the yaried occupa- 
tions that engage attention, where a little hint giyen to the in- 
telligent workman would enable him to avoid the first attacks 
of disease, and preserre his constitution amidst the dangers 
with which he is surrounded. How many, also, are there who, 
though not exposed to deleterious fumes in manufacturing ope- 
rations, lose successively their strength, their appetite, and 
their health, in a subduing and oppressive atmosphere, of whose 
action they are comparatively unconscious, tiU its severe inroads 
announce a breaking up of the constitution. 

60. In special circumstances, particularly on board ship, for 
example, where the sailor sleeps in a vitiated atmosphere, and 
is peculiarly exposed to fluctuations of temperature, premature 
old age often insidiously advances, as the appearance generally 
indicates, notwithstanding the high tone of health which a hardy 
life may for a time sustain. Dr Wilson, in his very able sta- 
tistical report on the health of the Navy, makes the following 
remarks in reference to the position of the sailor when asleep, — 
a subject that will be taken up particularly at a future period, 
in the chapters on the Ventilation of Ships ; but does not appear 
to entertain the opinion, that bad air, from respiration alone, is 
so injurious as many represent it. 

** Tlie effect is to bring the bodies of the men into contact in 
greater or less number, according to the size of the ships. When 
at sea, with a watch on deck, the accumulation and pressure are 
reduced by a half ; but when in secure harbours, five hundred 
men, perhaps, sleep on one deck, their bodies touching each 
other, over the whole space laterally, and with very little spare 
room lengthways. The direct results of elevated temperature 
and deteriorated air, may be conceived ; but it is not easy to 
conceive the amount of the first, nor the depressing and debili- 
tating power of both, as measured by sensation, within the tropics. 
The tendency of such a state of things must be to subvert health, 
and lay the subject of it open to attacks of serious disease. It 
conduces to catarrhal and other simply atmospheric affections. 
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but it does not appear to act so prejadicially to life, otlier ele- 
ments of hctoltli beiiig abimdants ils tniglit be supposed. Sucb 
is the cQiidiision to which the fallowing tables lead* alone, 
it has little^ if any, appreciahle influcnee ; but let it co-ope- 
rate with other agencies injm'ious to health, such as defec- 
tive nutriment, depressing passions, or malaria, and its power 
may become destmetiYely great. The salubrious influence of 
abundance of fresh air cannot be doubted^ nor, conyersely, tlie 
direct detriment to be sustained by any considerable and con- 
tinued privation of it ; still, the health now enjoyed by seamen, 
considered in connection with the necessary crowding of their 
deeping-berths, and the means available for their ventilatioUj 
shews that air may be contaminated to a certain extent, for a 
considerable pericMl, without producing any decidedly deleterious 
eifectj immediate or remote, on the persons breathing it/'— 
Repnrt on the Health of the Nain/, hy Dr Wilson, 

61, I have quoted tliis passage in full, as, while I fuUy concur 
Tv^th Dr Wilson as to the tendency of 8uch a state of tilings to 
sub vert health, to render the subject of it prone to serious 
disease^ and to conduce also to catarrhal and other simply at- 
mospheric affections, every thing which I have seen, whether in 
mines, manufactories, or private dwellings, or in such more 
limited opportunities aa I have had of observing the condition of 
the common sailor at sea, impresses me with the conviction, that 
the length of lite is always shortenedj and the high tone of 
health and strength materially reduced by inspiration, for a 
considerable period, of air contaminated to the extent I have 
generaUy observed it in the lower deck of a man-of-war, though 
no special disease may be induced at the moment, or during the 
period that the common sailor is usually afloat, when other cir- 
cumstances are favourable for his health. 

8egt, l.-^IIahitatiofw of the Rich and of the Poor. 



62. The habitations of the rich suffer, in general, more from 
the gaseous products of their kitchens, drains, sculleries, and 
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smoky chimneys, being drawn into their halls and passages, and 
from these into their indiyidnal apartments, than from any other 
cause. Where channels for the supply of fresh air, and the 
egress of vitiated air, are not provided, many of the evils, ex- 
plained in the chapters entitled Illustrations of Ventilation, must 
necessarily be observed. 

63. Another great cause of oppression in the habitations of 
the rich, where the ventilation is imperfect, arises from exces- 
sive illumination. Those who are fond of a brilliant light at 
night, would do well to restrict it within their means of ventila- 
tion, unless they are prepared for an oppressive atmosphere, 
which too often induces severe headache or languor, altogether 
incompatible with health. 

64. Where gas-lights are much used, the atmosphere too 
generally acquires a soporific character to many constitutions 
in a very short time. The accompanying Figs. 1 and 2 illus- 



Fig. 1. 




trate the form, and details, of the ventilation of one of the ex- 
clusive gas-burners I have used, which are explained more par- 
ticularly in the chapters on Gas-Lights, and on the House of 
Commons. Fig. 1 indicates the appearance it presents, which 
may be modified indefinitely ; in Fig. 2, a points out fresh air 
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entoring, and, cooling the vitiated air-tube, escaping afterwards 
ath; ce indicate the fresh air entering to supply the burner, 



rig.2. 




the products of combustion being carried entirely out of the 
apartment. 

Fig. 3 explains the usual appearance of apartments that may 
be termed soporific rooms, from the extent to which the 
system is usually oyerpowered by the excessive amount of the 
products of combustion from the gas. The sketch is from an 
apartment sometimes crowded, and, on other occasions, attended 
only by a few individuals. No bad air escaping above the level 
<tf the low fire-place, the upper part of such rooms is often ex- 
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aely oppressive, Tho movement of the. air is illustrated in 
Fig. 178. 

65. The air is equally bad in innumerable shops, counting 
rooms, and other places where the principal heat is produced by 
the bodjj or by the common gas-lamps in use» 

66, The ventilation of tlie dwellings of those whose station 
places them more or less abore the wants of any of tbe common 
necessaries of life, is in general extremely various, according to 
the occupations in which they are engaged, the habits in which 
they indulge, and the local cirenmstances with which they are 
surrounded. Openings for the admission of air, and for its egress, 
controlled by valves, sufficiently protected from the influence of 
external currents, and capable of being used in any required pro- 
portion, would give great reliefj particularly where the hallai, 
stair-eases, and passages, are freely and lai^gely supplied with a 
mild and w^ann atmosphere. But, unless a proper proportion be 
maintained betTveen the supply and dischai^gej and allowance 
made for the large openings required to supply ordinary fire- 
places, where this has not been corrected by special arrange- 
ments, many of the evils represented in the chapters describing 
illustrations of ventilation are apt to occur. In no cases would 
a few elementary lessons on ventilation tell with greater effect 
than in this class of dwellings ; but without the means of intro^ 
dacing them generally, it is not to he expected that its value, 
or Hie power of using ventilation satisfactorily, will he under- 
stood to the extent that is desirable for health and comfort, 

67* The dwellings of i}iQ extremely poor present scenes of 
misery, desolation, and woe, which it is afflicting to witness, 
where the sensibilities are not hardened against the sufferings of 
humanity. They must be seen to be understood^ and to draw 
out that amount of individual sympathy which they imperiously 
demand in a civilized and christian community. The station of 
thia country in artSj liter atiu*e> and science is acknowledged 
throughout the globe, as well as its naval, its militai^, and its 
commercial power, and, latterly, its exertions against the slave- 
tmde, have given a noble example in the cause of humanity, and 
fioften the recoilectiona of former times. But the regeneration of 
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its own population J or rather the placing of them in that condi- 
tion wliich the progress of religion and philanthropy demands, 
is perhaps a task of more moral grandeur, and of still more dif- 
ficnlt execution, than an 5^ other which it has attempted* Though 
distress may haye prevailed latterly to an extent unknown in former 
times, the experience of the last six-and-twenty years has assured 
me, that the condition of the extremely poor, during that period, 
had it been as minutely inquired into as the peace of more recent 
years has permitted, would have presented abundant evidence of 
the necessity that had existed for society being more thoroughly 
awakened to their position* The annexed sketch, Fig* 4, re- 
presents merely one of numerous pai*allcl scenes which I was in 
the habit of visiting as a student of medicine at Edinburgh, 
twenty-four years ago, in company with the medical attendant 
from the Dispcnsai*y. It represents a lodging*house in a close 
in the Cowgate, near the Grassmarket. The miserable, narrow, 
and undrained close, produced an offensive atmosphere on every 
side. The sunk floor, soft, unpaved, and unequal, gave out a 
damp and unwholesome smell ; the patients breathed an atmo- 
sphere loaded with smoke j except where proximity to the door 
and window produced local and offensive draughts, and the un- 
happy children were grouped round a wretched fire, where it was 
difficult to say whether they suffered more from hunger or cold* 
Three beds are not shewn in the sketch, that the general dispo- 
sition of that which has been described may be better understood* 
At night or morning, from ten to twenty, were usually around 
the fire ; each family of four or five had a bed ; and those who J 
could not get a place in the bed, rested wherever they could lia^^^f 
down. In another place, I have seen five beds occupied, each 
with one or more sick persons, and no one to attend to their 
wants, or those of the infant childi^en exposed in the midst of ^ 
severe and appalling misery. 

68* Since that periodj the innumerable scenes of extreme 
poverty, wretchedness, and distress wliich I have seen in all parts 
of the country, making allowance for the varied imposture and 
fraud that so often simulate want, lead me, again and again, to] 
repeat, if necessary, that a living and awakening belief of the 
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amount of poverty and distress which is presented in the habi- 
tations of the poor, and which has always existed with raried in- 
termissions or exacerbations, is not yet sufficiently entertained by 
the great mass of the community, to the extent necessary to 
meet the evils that should be corrected, though the yaried in- 
quiries instituted by government, the exertions of priyate indi- 
viduals, and of public boards and societies, and the extensive 
publication of the reports by Mr Chadwick, are necessarily 
directing daily more and more attention to this question. From 
the exertions recently made in the cause of education, it may be 
hoped that, with the labours thus encouraged, will be associated 
measures for enabling the whole population to become acquainted 
with the various topics to which I have referred in the first 
chapter of this part, as a means of economising their resources 
and improving their health. 

69. Another subject of consideration in connexion with the 
habitations of the poor, is the importance of providing them with 
means of exercise and recreation, which shall hold some in- 
ducement out to them to leave, for a time, the dens to which 
many are too closely attached. Any means of inducing them to 
leave these, with their wives and families, and meet their fellow- 
men in public walks or gardens, is a great stop to improvement in 
the more extreme cases ; and few can have tra<;ed the influence of 
8ach means of enjoyment and recreation who will not regret that 
all public grounds and gardens cannot be made accessible to the 
poor, particularly on Sundays, when they must otherwise be con- 
fined, except during church hours, to their comfortless habitations, 
or driven to places still worse, in which they isolate themselves 
from iheir wives and families. Let the appointed and respect- 
able missionary preacher have free access to such places, and let 
him be protected from those individuals who have so frequently 
of late distmrbed them in their duties. I cannot agree with those, 
however much I may admire the object tliey have in view, who 
would prevent that cheerful and innocent recreation on a Sunday, 
'Uch gives many a family the opportunity of being united on the 
' occasion on which they can meet together, without inter- 
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rnptjug tliat time wTiicli should be devoted to the puhlic ordi* 
mances of religion, 

70, Again J eTcn the occasional amusements of the humbler 
classes may now perhaps demand more serious attention thaji 
they have hitherto received. The endlesB hall-room b of the most 
degraded elasS; where every one is in a state of intoxication — 
the taverns, with drinking parties, and organs placing alternately 
light airs and psalm tnnes — the petty theatres where the law is 
evaded, and yonng children introdueod, at a cost of a penny, to 
scenes that steal away all sense of decency — the silent drinking 
rooms, wliere the same individuals meet, eight after nighty to 
drink or smoke, without almost even interchanging a word — and 
numerous other meetings which might he noted, all concur in 
shewing that something should he done, if possihlej to give a more 
healthy tone and character to the occupation of their leisure 
hours. And surely the discoveries of science present an un- 
bounded field of instructive amusement, which miglit be advan- 
tageously introduced among the humblest ranks of life, all expe- 
rience having shewn that those who have had the opportunity 
have been interested in scientific expositions. But it has not 
yet been tried with those in lower stations than the ingenious 
mechanic ; and if every human being is considered within the 
pale of that knowledge which explains revealed truth, who is not 
worthy of being taught the nature of those works of creation, 
which minister to his daily wants, and open to him many sources 
of reflection and improvement that may elevate his character, as 
much, in proportion, as they have benefited higher classes of 
society, among whom so great changes have been effected within 
the last fifty or sixty years, in accomplishing which the interests 
of popular science and literature cannot be overlooked. 

71* Farther, no triids have been made in this country* either 
in museums J galleries of pictures, or expositions of art and na- 
tiotial industry, that have not wiped away the notion which 
many had entertained, that the people in this country could not 
be permitted with impunity to have access to objects of art j 
and, while the elevation of the character of the population must 
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eyer fonn the most important objects of national attention, it is 
admitted that few things contribute more powerfully to this effect 
than encouraging a taste for art, eyen among the humblest 
classes. I was much impressed with a remark of Councillor' 
Beuth at Berlin, who, in pointing out numerous casts of antique 
busts in one of the practical schools, stated, '^ We do not wish 
or expect tradesmen to become sculptors, or to leaye their ordi- 
nary occupations for the fine arts ; but these beautiful models, 
eyer before them, and meeting them wherever they turn, refine 
and elevate their taste, and lead them insensibly almost to su- 
perior, more beautiful, and more valuable workmanship." 

72. I have been led to these remarks in connection with the 
habitations of the poor in this country, in the belief that general 
instruction in the elements of science would not only accomplish 
the purposes referred to in Chapter I., Fart I., but also afford a 
fertile and neutral field, in the cultivation of which all parties 
might meet, with the view of promoting knowledge that could 
not fail to convey increased health, strength, and length of life 
to the whole community. I must refer to succeeding paragraphs 
for illustrations of the importance of communicating to all a 
knowledge of the most important facts explained by chemistry. 

73. After the preceding observations, the following remarks 
will be sufficient, in this place, with respect to the habitations of 
the poor : — 

1. In the lowest class of habitations, such as are indicated in 
Fig. 5, there is neither window, fire-place, nor chimney, yet 
these are inhabited by two to eight or more human beings. The 
dimensions shewn were supplied by my Mend Mr Lane. 

2. Ventilation need not be expected where food, fuel, and 
clothing are deficient. Heat is still more essential to the human 
fhune than fresh air, which consumes the body by slow combus- 
tion or oxygenation, when food is not supplied. Defective 

■tation reduces the oxygenation, preserves warmth, stupefies 
'■. and allays the pangs of hunger. 

ventilation, reducing the power of oxygenating 
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the blood J and of sustaining temperature, produces a morbid con- 
dition which diminishes the relish and |mwer of digesting plain 



Fig. §. 






J 






and wholesome food Unnatural stimuli, such as ardent spirits 
and opium, are required to excite the languid circnlatioUj and 
make it feelj though only temporarily, that vigour of circulation 
which gives animation and viTacity to the intellectj as well as 
strength to the body, 

4. The actual state of the atmosphere, in the habitations of the 
extremely poor, is too bad and too reTolting to be understood by 
any except those who actually visit thera. There are un<iviestion- 
ably many exceptions, but in general, external cleansing, and an 
improved condition in their means and habits are essential, before 
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any decided improYements can be extensiyely introduced. If 
draughts and currents are offensiye to all, there are few who are 
more sensitiycly alive to them than those whose hunger, want of 
clothing, and want of fuel, reduces them to the lowest scale of 
misery. 

5. The children of the humbler classes are frequently placed 
in schools where the vitiated atmosphere is so bad, that it may 
be considered questionable how far they would benefit on the 
whole by going there, were they not subjected to air equally bad 
at home. The accompanying figure gives a plan of a school in 
St Giles parish ; a is the door ^*«- *• 

leading to the street, h the en- 
trance to the school from the 
passage ^, c the window, d the 
fire-place, e the master's desk, 
(the first time I saw him he 
spoke with difficulty ; from the ' 

effects of the fire, the window, 
and door, he was often six weeks 
at a time unwell with cold, but 

still persevered in his duties), 

/ the benches where the young 
children sat in a mephitic atmosphere, m a stair leading to a 
cellar filled with the most offensive impurities, which constantly 
gained access to the school, Ino contiguous apartments which 
hemmed in on every side that part of the class-room occupied by 
the boys. All fresh air entering by h or c, passed principally to 
the fire-place d. 



Sect. II. — General state of the Atmosphere in Public Build- 
inffs — Illustration from Churches, 

74. The total want of any systematic means for regulating 
the ingress and egress of air in the greater number of public 
buildings constructed, till within a comparatively recent period, 
renders them, in general, subject to great defects, especially when 
they are crowded. It cannot be expected that they will be put 
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upon a proper footings till ventilation shall be considered in the 
original design of sucli structnres, and prorided for accordingly* 
In the following chapters j varied illustrations are given which 
will cjLpkin the leading defects to which they are liable. In 
this section, the condition of the air in ill ventilated chnrchee is 
selected as an example with the view of illustrating the more 
important bearings of the qtiestion* 

75* Were the vcntOation of churcheSj placed generally npon 
a proper footing, this? measure would not only bo extremely bene- 
ficial in the direct results that would be produced, but tend 
powerfully, by the weekly demonstration which it would present, 
to extend a knowledge of the practicability and importance of 
the universal introduction of simple and economical arrangements 
for ensuring ventilation, 

76, No buildingSj on an average, are more deficient in the 
means of ventilation than churches. Air loaded with carbonic 
acid and the moisture of the breath, and with products from the 
combustion of gas^ oil, or candles, chilling draughts from immense 
surfaces of glasSj inequality of heat, emanations from grave-yards, 
and sometimes from dead bodies under t!i© pews,* in the very 
centre of the church, and in some playces, as in a church visited 
recently by my friend Mx Imraj, in the vicinity of London, the 
pQimnous emafiatimis of an open cJmrcoal ejmffer or hrasiery 
passing directly from the corridor into the church — may all be 
observed producing deleterious effects, 

77. Mr Pattrickson, who, with many other gentlemen, has 
assisted me in collecting information as to the state of the atmo- 
ephere in the churches of London, has given me details as to one 
where he has seeUj in one day, sercn persons carried out fainting, 
and where three or four individurds frequently may be observed 
in that state dxunng hot weather. I have myself counled, on 
one occasion J about three hundred individuals busily engaged in 

* In ft chofdi wtdcfa I YLBitetl a few weeka ago in WalfeP^ the offence in tho 
ptw in whicli I Bflt wftS atmng and markf^d, atid similar to thnt produce«l by the 
ordltJnty emanations of putrefaction. On in qui 17, the firat person to whom I 
lulclirefiSetl myselft ^^^^ ^ae, that a body had tteen buried under the pew, and that 
viiHoua oih«r p^i^ions mode remarks && to the stete of the almofphere there. 
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the midst of the serrice in trying to relieve themselres from the 
oppressiye atmosphere with fans and handkerchief. Mr Blake, 
Mr Meade, Mr Stewart, and many others hare ftimished me with 
similar examples, though in general less marked than that to 
which I hare so particularly referred. 

78. In those churches in which I haye watched the progress 
of the influence of vitiated air, as the service proceeded, on indi^ 
viduals whose constitutions were not previously rendered dead to 
the influence of pure air by the state of the atmosphere to which 
they were accustomed at home, a slight and marked flush in the 
countenance usually appeared in a short time ; this was soon suc- 
ceeded by a sense of heat and oppression, and a tendency to 
sleep, more or less marked according to the condition of the 
atmosphere, and the extent to which the attention was engaged. 
The soporific influence in some cases was a source of annoyance 
to the conclusion of the service, but was succeeded in others by 
a reaction. The vis medicatrix naturce did not remain inactive. 
The pulse rose, the circulation was accelerated, the brain be- 
came stimulated, and relief was at the same time afforded by 
the insensible perspiration (which had been arrested by the state 

' of the air) becoming gross and sensible. Attention could now 
be sustained, but headache more or less severe was the usual 
consequence, and liability to dangerous colds and rheumatisms, 
where the body was suddenly exposed to the chilling influence 
of the external atmosphere, while still affected in the manner 
described. 

79. It is scarcely necessary to state that these remarks ap- 
ply to very crowded and ill-ventilated churches, and more parti- 
cularly to those in which there are galleries. These effects are 
not less certain, in general, than the chemical indications that 
may be obtained by an examination of the air. On one occasion, 
fifty specimens of air were taken by my pupils, and others who 
took an interest in this question, from different churches in 
Edinburgh, and when the action which they had on the test em- 
ployed was shewn, by the exhibition of the specimens at the Royal 
Society, many members, at once, named the churches from which 
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different specimens bad been taken, from their knowledge of the 
state of the atmosphere that generally preyailed there. Some uf 
the specimens were taken at the morning, and others at the 
afternoon or eyening serrice. 

SO. Bntj among the varied circmnstances that demand atten- 
tion connected idth the ventilation of churchcSj none is more 
important than the provision of a pnrer atmosphere for those 
constructed with one or more galleries. In such chnrcheg^ the 
condition of the airj when they are crowded, is too familiarly 
known to require any illnstration. At night, particuLirly, when 
loaded with the products of respiration, and the combngtion of 
gas, it wonld not be tolerated, were it not that the stimulus 
of the heat gives, after a timCj an increased force to the circula- 
tion, which is soon followed by the relieving influence of free and 
copious perspiration. In a church, which I risited not long ago, 
the following circumstances wore point^^d out to the attention of 
the vestry* 

1. There was no regular ingress for fresh air ; hence, it never 
entered the chapel during service, except by doors and windows* 

2: The severity of the currents produced, when the doors or 
windows were opened in cold weather, prevented tliem from 
being generally used. 

3. There waa no exit for vitiated air (excepting doors or 
windows.) 

4* About fifty powerful argand gas burners w^e used when 
artificial light was required, 

5* A large gallery accommodated a number of persons above, 

6. The seats tor a number of children from yarious chai*ity 
schools extended around the organ, nearly to the ceiling of the 
chnreh. 

7. Many of the children (in the upper seats) were above all 
openings whatsoever, whether of doors or windows, leading to the 
external air, 

8. There were three services daily on Sundays. 

9* The vitiated air in the church, was, by the construction of 
an imperfectly aiTanged heating apparatus, draw down, when it 
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was in action, during the service, and returned with all its im- 
purities to the church, in no ways improyed by the effect of the 
high and sharp heat to which it had been exposed. 

10. Twelve of the children, taken indiscriminately, six boys 
and six girls, were spoken to as to the influence of the atmo- 
sphere of the church upon them. It was evident, during the • 
service, that they could not sustain their attention. But without 
entering into details on this point, it may be sufficient to state, 
that in every one of these twelve cases, the skin was suffused with 
a dense and clammy perspiration. When the master of the school 
was spoken to, he stated, that the children suffered much fixnn 
the state of the atmosphere, and that they sometimes complained 
that they were *' heart-sick,'' and had to be taken out to the 
fresh air. 

81. Few spectacles are perhaps more melancholy than those 
presented in cases such as these. The congregation is not un- 
frequently placed in an atmosphere of extreme impurity, poison- 
ous in its tendency, arresting or interfering with some of the 
most important functions of life to such an extent that they 
are occasionally suspended for a time, when a temporary death 
or fainting takes place. But what must the state of the mind 
have been, and how far was it beneficially occupied, in the de- 
votional exercises in which it was previously engaged. The 
power of the clergyman is often reduced as well as the attention 
of the congregation. Too often he does not recognise the dark- 
ness of the physical atmosphere that, at times, oppresses all his 
labours, and counteracts or diminishes his usefulness, as much 
by the power with which it subdues his own energies, as by the 
careless indifference which it encourages in his congregation. 
At the very moment that he may be descanting on the perni- 
cious influence of vice, and pointing out the purifying power of 
that moral atmosphere which should surround the heart ; how 
often are his labours shorn of their power by the physical poison 
that sometimes paralyses the best intentions, the indications of 
which are manifest on the application of the most ordinary tests. 
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ami whose influence miglit be counteracted by means equally 
simple and efficacious. 

82. In the general disposition and arrangements of neir 
churches, the remoYal of pews, the closing of all side windows, 
illumination by the roofj the exclusion of galleries, and the 
adaptation of the spire as an instrument of ventilation, hare 
ofti^n forced themselyes upon my attention as objects of great 
practical importance, which might be well worthy of conside- 
ration, and often introduced with such modifications as pe- 
euliar localities may require. In a chui^ch so arranged, and 
particulai*ly where the communion table^ at which so important 
a part of the seryice is conducted, is as conspicuously brought 
into view as the pulpit, many points highly conducive to devo- 
tional feeling are united. The light, whether artificial or na- 
tural, always descending from above, would he less apt to strike 
offensively either upon the clergyman or the congregation. The 
voice of the clergyman would have to he adapted to one line or 
level only ; whereas, at present, in many churches, it is heard 
distinctly in one place and not in another, according to the di- 
rection which it receives. The walls being unoccupied by gal- 
leries or windows, might be advantageously decorated with 
paintings, or other works of art, assisting in composing the 
mind to the sacred duties in which it is to engage. The ven- 
tilation would become exceedingly simple, and capable of being 
regulated with extreme facility. These are a few of the ad- 
vantages which this form of structure presents; but, in this 

^work, it would be out of place to enter into details in consider- 
ig them further^ or the manner in which many apparent ob- 
jections might be obviated. In such edifices, the mere packing 
of the greatest possible number, within the smallest possible 

[_space, ought not to be the only rule adopted even in the hum- 
blest churches. Health, and power of attention to devotional 
exercises, form primary considerations. 

83. In ventilating old chmxhes, the introduction of exchisive 
4ightB illuminating the pulpit and the congregation, not 

da^zlitig the eyes by being placed on either side, or too near the 
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clergyman, and taking care that each gallery is supplied fifoni 
a pure source, instead of merely nsing oyer again the vitiated lir 
that may hare ascended from, below, are the more importao^ 
points demanding attention after a due supply of heat and air. 

84. Above all, where different consecutive services. are gifen 
in one day, means should be provided for removing thoroogUy 
the air left after each individual service, otherwise the eontaad^ 
nation towards night becomes extreme, where no systemadc 
ventilation is introduced. 

85. The following diagrams explain generally some of tb.® 
points that have now been referred to. The details requir©^ 
for effective ventilation in churches are similar to those Aec^^' 
sary for other places. 

Figs. 6 and 7 point out the disposition of the ingress a mS^^ 
egress / of air, such as have been adopted in various churcb^' 
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(in the church at Putney, the air is conveyed to the old tower) ; 
h shews an equalizing chamber for preventing the severity of 
draughts and currents; t the regulating valve, the foul air 
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Ecliamber; c c excluBire gas-buniGrs ; 5? ^ non-conducting mate- 
riab hitroduced, where the ground requires it, to prerent loss of 
vat; hat- water pipes are represented in dififerent positions in 
Dl€ two figures. Tlie plan at w m indicates the manner in which 
lir is conveyed at the angles of the tower n n ti n, when tlie cen- 
tral part mnst be opened for sound, and when the air is not 
peraiitted to escape there. The pulpits are represented larger 
thm in reality J to shew distinctly modifications of Fig, 9* 

Fig. 8 Ulustrates the general nature of the ventilating arrange- 
mem in the new Scotch churches ; they are not, however, lighted 
frcmi the roof, a Ingress of air ; b equalizing chamber ; c dis- 
:e ; e e hell- tower and ventilating- shaft ; d d slsylight. 



Fig. a. 
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Fig* 9 shews the construction of pulpits in which the clergy- 
man receives an independent supply of air through A, which he 
regulates by th© attached valve, as he finds most suitable to the 
eirenmstaitces in which he is placed* 

86. In altering old chapels, numerous peculiarities often re- 
quire att^ntion^ which modify niucTi the system of ventilation 
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that would otherwise be adopted. Fig, 10 gives a view of the 
ChapcI-Bo) al, St James's ; A is the royal pew or clo&et ; B scats 
for petTesses ; C seitts for the lords in waiting : D additional 
seats: E the organ-loft; F tlie communion-table. In yenti- 
lating this place, the ingress of air had ta be made through the 
floor, which was formerly a church-yard, and air and water-tight 
cbantiels ertended in cement. The effect of a large window had 
to be counteracted J which caused an incessant ^ descent of cold 
air upon the communion-table in winter ; chimneys from three 
fire-places had to be nnited with tlie rcntilati ng shaft, otherwise 
they would have smoked continuously, and fresh air had to be 
conveyed to the royal closet, so as to re- Fi^. i u 

pel the vitiated air wliich formerly ren- 
dered it the most oppressive seat in the 
ehapeL Fig. 1 1 represents the system 
adopted under these circumstances i bed 
indicate the circulation of tlie air through 
the body of the church; / the point 
where [jower was applied, which secured 
the movement of the air; the upper line 
shews the progress of the flue from the three chimneys. The 
mark on the ascending line^ immediately after the feather of the 
Jower arrowj points out the commencement of the supply for the 
royal closet. 
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Sect. III. — Graite-Tards. 

87, Since modem chemistry has pointed out the precise na- 
ture of the circumstances that attend the decay of the body after 
it is placed in the grave, more just views have been entertained 
of the pernicious nature of those emanations that proceed from 
crowded graTc-yai^ds, particularly since the publications of Mr 
Walker, the Report of the Committee of the House of Commons, 
and the Report by Mr Chadwick on Interments. 

88. Under certain circumstances where the body is not interred, 
it hecomes dried naturally, even in temperate climates, as well as in 
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otherregions, without embalming, after a limited portion shall hare 
decayed. One of the most marked instances of this kind which I 
haye seen, is exhibited in the body of the Duke de Groy, which is 
placed in the Church of St Nicolai, at Reyal (in Finland). He 
fought with the Russians against the Swedes, about a hundred and 
forty years ago, and haying died in debt to the extent of three mil- 
lions of rubles, his body was seized and placed in a common coffin 
in tlie church mentioned. The debt not haying been paid by his 
friends, as was anticipated, the coffin was opened, after a lapse 
of a hundred and eighteen years. To the surprise of all, it ap- 
peared merely to haye become dry ; eyen, at present, the cha- 
racter of the countenance is distinctly indicated ; it is not much 
darker than is frequently observed in natives of this country ; 
the skin has the appearance of leather. Instead of being con- 
cealed as formerly in an obscure situation, it now forms one of 
the principal curiosities in Reyal. In other places, as when 
frozen in polar regions, or dried in the sands of Arabia, the body 
may be preserved indefinitely without being embalmed, but it is 
rai*e to observe examples such as this presents, in similar climates. 
In Austria, Sicily, and Italy, however, many examples are fa- 
miliarly known. 

89. In ordinary circumstances, the principal part of the body 
is slowly resolved into gases, and these tend ultimately to form 
carbonic acid, nitric acid, and water ; the most offensive and 
dangerous products are those that are formed before the ftiU 
oxygenation ensues. A long period has elapsed, since cemeteries 
were prohibited in many large cities on the Continent, and, 
agreeing with those who advocate similar views in this country, 
it is only necessary for me to refer, in connection with this ques- 
tion, to the elaborate report by Mr Chadwick, lately published 
under the authority of the Home Office, for much important and 
interesting information on this question. Not only is the air 
injured, but water also becomes seriously affected, in many places, 
by the emanations from grave-yards, and tends to produce dis- 
ease. Many years ago, my attention was particularly directed 
to this subject by observing a film on the surface of some water, 
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wliicli I afterwards found had boen taken from one of the pumi* 
wells in this city, and which consisted evidently of the products 
of putrefaction from the grave-yard. In a moral point of riew, 
no one who has evor seen and examined the state of many of 
the cemeteries that haye been made on the Continent within the 
la&t fifty years, and the visits that are so frequently and periodi-- 
caily paid by the living to the graves of the dead, must bo an- 
xious that the inhabitants of this country should see so sacred 
an object placed universally, where it is practicable, on an equally 
desirable footing. 

90. In the great majority of caseSj in a climate such as this 
country presents, the whole area of a long used and crowded 
church-yard may be justly considered, in a practical point of view, 
ag a niannfactory of pestilential exhalations, perpetually in ope- 
ration, and so abundantly snpplied witli the materials of produc- 
tioHj that at no time probably is their discharge entirely arrested, 
however mai'kcd it may be at some periods compared with others, 
according to the state of the weather. And, since the laws of 
the difl^usion of gasos hare been more thoroughly understood, and 
the practice in the majority of church- yards made known, no one 
who considers the facts connected witli this subject, can hesitate 
to believe that even where the graves are considerably deeper 
than usual, this newly appreciated power of diffusion must ope- 
rate incessantly with extreme effect in communicating deleterious 
products to the superincumbent atmosphere, so long as there is 
any thing to be decomposed. But severe as the effects may be, 
that B3CQ induced, in such cases, by their local action, and im- 
portant a."* it may be to obviate them, still, when viewed in cou- 
nection with the general series of changes that tate place at the 
surface of tlie globe, they must evidently bo considered as the 
natural result of those operations, without which, the materiaJa 
composing the corporeal frame of man would not amalgamate 
with their kindred dust, and be made amenable to the action of 
a new cycle of changes. 

01. It would be well worth the most serious consideration, 
whether means should not be taken to promote rathev tkatv tti 
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arrest or retard the decomposition of the human frame, without 
outraging the sympathies of our common nature, or interfering 
in any way with those recollections and associations which it is 
equally natural and important to cultivate. The mere removal 
of the large gravestones that cover so many churchyards, the in- 
troduction of proper foot-paths, and the cultivation of flowers and 
shrubs, luxuriant in their vegetation, but not lofty or prone to 
prove any serious impediment to the free flow of air or the action 
of light, would be of incalculable value in numerous situations, 
absorbing the products of decomposition, and replacing, in gene- 
ral, by their purifying influence, a better atmosphere than could 
otherwise be sustained. Many other arrangements, applicable 
in special localities, will at once occur to those who adopt such 
views, which will give considerable relief in innumerable situa- 
tions ; and though the injurious influence arising from the prac- 
tice of burying within as well as without the church, cannot be 
expected to be entirely removed except by legislative enactment, 
still an alteration in the structure of cofiins, the use of a limited 
portion of lime, and, above all, luxuriant vegetation, might 
greatly reduce the evils of the present practice till further 
changes are enforced. 

92. In some churchyards, I have noticed the ground to be 
absolutely saturated with carbonic acid gas, so that whenever a 
deep grave was dug, it was filled in a few hours afterwards with 
such an amount of this gas, that the workmen could not descend 
without danger. See Appendix, p. 432. 

93. The amount of carbonic acid that collects within a given 
time in a deep grave-pit, intended to receive twenty or thirty 
bodies, is much influenced by the nature of the ground. In 
the case refen*ed to in the Appendix, the porous texture of 
the earth allowed a comparatively free aerial communication 
below the surface of the ground throughout its whole extent. It 
was in reality loaded with carbonic acid, in the same manner as 
other places are loaded with water ; it was only necessary to 
sink a pit, and a well of carbonic acid was formed, into which a 
constant stream of the same gas continued perpetually to filter 
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from the adjacent earth, according to the extent to which it was 
remoTed. 

94. Fig. 12 shews a small ventilating apparatus, such as 
enables a grave-digger to continue at his work in the deep grave- 
pits without danger of suffocation. A small screw or fanner 

Fig. 12. 
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may be occasionally found more convenient when the grave re- 
quires to be cleared out only in the morning, but is not so good 
when the workman is digging, unless it be sustained continu- 
ously in action. 



Sect. IV. — Ea^temal Ventilation, Prevention of Noadous 
Ea^halations from the Orofind, and Emanations from 
Drains. 

95. Cleansing, Drainage, and Sewerage. — Though the 
evils of defective ventilation in the interior of ordinary habita- 
tions generally far exceed in power^and magnitude any effects 
from without, where a reasonable attention is given to external 
cleansing and drainage, still the low standard adopted in respect 
to these in numerous districts, and the almost total absence of 
cleansing and drainage in others, especially where the density of 
the population most imperiously demands it, give rise to an 
amount of disease, suffering, and death, which has justly at- 



54 DRAINAGE AND SEWBRAGE. 

tracted the attention both of the goyemment and the le^latnre. 
Until proper regulations on these points shall be introdnced 
throughout the country, and adequate supplies of water be pro- 
yided, no security for the remoyal of sources of impurity that 
largely affect the atmosphere can be giyen ; and their extent in 
many places is so great, that, in the more extreme cases, some 
habitations may be compared more justly to the dens of the in- 
ferior animals than to the abodes of men. The uniyersal at- 
tention now giyen to this question must be attended with the 
happiest results, and no one in this city can haye witnessed the 
interesting experiment now in progress in Begent Street, where 
the zeal of Mr Cochrane, the president of the Society for Pro- 
moting the Cleansing of the Metropolis, has produced results 
that haye equally surprised and delighted all that are familiar 
with them, who will not be anxious that he may succeed in 
shewing that he will be able to find additional and permanent 
employment for numbers in the more crowded streets, and 
that the adyantages arising to health, and the saying in the 
destruction of goods, as well as other circumstances, will place 
this subject on that practical footing which will giye a reason- 
able expectation of the system being continued and extended. 
Ingenious improyements, such as Mr Whitworth's machine, 
will also tend greatly to promote cleansing in populous cities, 
particularly in thoroughfares crowded with yehicles, where 
it is impracticable during the day time to resort to ordinary 
labour. 

96. The importance of effectiye drainage and sewerage has 
been shown, of late years, in so many reports from all parts of 
the kingdom, that its influence on health, strength, and length 
of life, is gradually beginning to be more generally understood. 
The results of all inquiries abundantly demonstrate, that drain- 
age and sewerage are essential elements of health in populous 
districts. Independently of actual loss of life, which so fre- 
quently occurs, impaired mental or bodily yigour, arising from 
the influence of defectiye drainage and sewerage, reduces daily, 
'n thousands of cases, the capabilities of indiyiduals to such an 
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extent, that it may be considei^d equivalent to a loss of Income, 
by the deterioration or diminution it induces in the effective 
services which each can give to his own occupation. If we look 
to the humblest classes of society, how severe is the loss oc- 
casioned by ferer, whether it shall attack the head of tlie family^ 
and deprive them of the ordinary means of subsistence, or oc- 
cupy the time and attention of the parents, when it may hare 
affected their children. But no fact is more familiar to medicaJ 
men than that many districts are never free from fever, in con* 
sequence of defective drainage. Calculated merely as a matter 
of profit and loss, every thing indicates that the expense re- 
quired in establisliing proper measures for such purposes, would 
he far below the loss consetiuent upon the inefficient arrange- 
ments at present in operation. 

97* Before any extended iiuprovemeuts can be anticipated, 
a larger supply of water may be generally considered indispen* 
sable, and the introduction of the most improved form of sewera 
and drains, such as admit of a rapid flow of water, or the adopt- 
tion of special means for washing the drains and sewers from 
time to time, by collecting and discharging suddenly a consi- 
derable body of water^ so as to prevent periodical accumulations. 
The entire abolition of cesspools, even where they communicate 
with drains, will at once remove the most fertile sources of 
disease in numerous districts, if proper drainage and sewerage be 
substituted ; and where this cannot be done, still, by removing 
them fi*om under houses, constnicting them with materials ab- 
solutely air and water tight,* and providing a proper exit for 
discharge when they are fiillj much may be done to alleviate the 
evils they otherwise produce, particularly by aftecting the ground 
in the vicinity, and providing a constant source of emanations 
equally offensive and injurious to life. In short, ventilation 
can only supply bad air where drainage and sewerage is defec- 
tive, though it may alleviate the intensity of the accumulated 

^ to mniB cases a ctjating of eof^ piicb U tbe luoit efflolent and economic&i pro- 
toctioti flgaiujit leakage. 
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eyils that would otherwise prey upon the system. The leading 
points bearing on Tentilation that require attention in connec- 
tion with cleansing, drainage, and sewerage, are stated in the 
Appendix, p. 434 and 436. 

98. Extreme neglect may be perceiyed, in general, in the 
amount of security prorided against ritiated air from sewers, 
and the means for this purpose are so imperfect, and a proper 
system of inspection so rarely enforced, that the atmosphere from 
drains often forms a marked source of supply, in many public 
and private buildings. From numerous instances which I hare 
seen, I hare quoted a few in the Appendix, p. 436-7, which will give 
some idea of the importance of a more minute attention being 
generally directed to drainage and sewerage in individual habita- 
tions or public buildings, independent of the introduction of ge- 
neral measures for promoting these objects. 

99. But it would be tedious to multiply the endless variety 
of illustrations which might be added to those in the Ap- 
pendix, without referring to humble habitations where the evil 
abounds in a still more glaring form. It will be evident, how- 
ever, that^in all classes of habitations or public buildings, besides 
those where the offence is gross, and manifest to the naked eye, 
the progress of the air from the open mouths of drains should be 
carefully studied, and controlled as local circumstances may 
indicate. 

100. In some places, vegetation may be resorted to as a means 
of drainage, where other measures cannot be adopted, and in par- 
ticular strata, wells may be sunk which will act as pits of absorp- 
tion, from which an effective drainage is carried on, through 
porous textures, whose nature and extent removes all apprehen- 
sion of any danger from the saturation of the ground, however 
dangerous this may be in other localities. The addition of lime 
^i* other chemicals, where the soil has been largely impregnated 
^ith deleterious products, is often advantageous, in the same 
**iauner as lime-washing and fumigations are in individual habi- 
^tions. 

101. Figs. 13 and 14 represent a plan and section illustrative 
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of the mode which I haye adopted for many years, where it was 
necessary to rentilate drains. Arrangements of this kind were 
more particularly introduced in my class-room, in 1833, and 
subsequently at the House of Commons, at Hospitals, at Courts 
of Law, in priyatc houscs,]and in numerous other places. In the 
section, a represents air in the streets, descending by the gully- 
holes, passing ultimately, by yarious channels indicated, yiz. 
hcdefg, &c., to a common centre, and from it to the shaft or 
chimney, by which it is to be discharged. A small fire sustained 
in the shaft, not only enables the shaft to haye a yery wide and 
commanding range, and, also, to expose offensiye products to 
such a temperature as to alter completely their character, eyen 
where they may not be entirely consumed. 

Sect. V. — Noociom Gases, Vapours, and Smoke from 
Manufactories. 

102. In some manufactories, from which the most offensiye 
products are discharged to the destruction of the health, and 
comfort of those in the vicinity, it should not be forgotten that 
the state of the atmosphere within may be good and wholesome, 
while the products eyolved from the chimney, whether visible 
or invisible, may destroy the purity of the air without. Hence, 
then, any fair report founded on the inspection of the workmen 
in the place where the evil is produced, must necessarily lead 
to the opinion, that no cause of offence does exist, while the 
very same parties, had they examined the air without, would 
have seen a very different case. The advocate in defence urges 
as strongly the accuracy of his case, producing evidence from 
within, as the advocate for the prosecution is satisfied with the 
intolerable nature of the evil he has to attack,, taking his evi- 
dence from without ; while the fact that the workmen are ac- 
tually protected from injury by the nature of the processes, and 
the position where the noxious products are formed often escapes 
observation. 

103. The magnitude of the evil produced by manufactories 
must not, in all cases, be measui*ed by theamount of. visible 
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[Yapours [produced. Many cases occur where the contending 
parties may at first be satisfied -mth the visible diminution in 
the antoaDt of products eTolved ; but they often assume a still 
more dangerous, becanse invisiblej condition. Until a power 
of inspection h given, and the disposition and consumption of 
matertals in manufiictorieSj prone to produce nuisance, be satis- 
factorily shewn, the mere reduction in the amount of visible 
Taponrs should be hold as no security that no evil is produced, 
and reasonable and well -certified complaints shonld entitle an 
examination to be made within the premises, such as may elicit 
ihe tacts of the case, otherwise changes may he effected whicli 
0Tade the arm of the law without relieving the just complaints 
of the sufferer. 

104, Offensive emanations from manufactories consisting 
principally of impurities, capable of being consumed or altered 
by fire, so as to lose their most objectionable qualities, or of 
being retained by the action of common waterj or of water 
charged with limCj or other ingredients, and brought into con- 
tact with them in such a manner as each peculiar case may 
render necessary, there is no impossibility in controlling their 
effects. But unless the means adopted be economical, it is in 
Tain to expect a practical result ; in many cases, the processes 
that hare b^n hitherto proposed would more thim consume all 
the profits of the manufacturers ; a complex question, according- 
ly, often occurs which involves the continuance or abandonment 
CfC a manufactory, upon which the occupation of numbers may 
depend. The unwillingness in general to force matters to ex- 
treinitiesj leads many nuisances to be tolerated that would not 
otherwise he submitted to. Great progresSj however, has been 
made, latterlyj in the study of the means of decomposing or con- 
densing noxions emanations. The following diagrams explain 
some of the principal methods that hare been generally intro* 
due-ed : — 

Fig. 1^ shews a section illustrative of the principle on which 
emanations trom boilers are drawn thmugh fires, where they 
are decomposed by the heat to which they are subjected ; the 
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ash-pit h, is inclosed by a door, so that the fire is supplied solely' 
with air from a. When the principal fire is not in use, a smaller 



Fig. 15. 



Fig. 16. 





fire is kindled at c, so as to insure complete decomposition before 
the products escape at o). 

Kg. 16 shews a better arrangement for the same purpose. 
The ordinary fire is managed in the usual manner, no more air 
being admitted at a than may be absolutely necessary, so that 
the chimney h shall be left with abundance of power to com- 
mand another fire-place d ; through this, all products from c 
are led, and pass ultimately to a? by /. The wire-gauze between 
c and d prevents the passage of any cinder from the fire-place d to 
the boiler, and in cases where any considerable amount of inflam- 
mable gas is erolved, the fire d must be removed to a greater 
distance. 

Fig. 17 shews a plan of the fiirnace-bars at d. Fresh fuel is 
never laid upon them, but upon the plate e, and transferred to 
d by a valve, as those previously there are consumed. In this 
manner, the fire is always maintained at a high temperature at- 
d, and fresh air being admitted at o o, it is not extinguished 
under any circumstances, if made sufficiently large at first, and 
properly attended, though it may burn dully from time to time 
in the centre. Fig. 18 is a section of the same fire-place; m 
points out the position of the passage for air, or other substances 
to be decomposed, from the boiler to the decomposing furnace. 

10&. Fig. 19 illustrates Mr Hedley's patent arrangement 
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106. Figs, 20 and 21 shew the mode of Tentilating air-tight 
stores, apartments, or manufactories, where the nature of the 
fumes CTolved are such that none are permitted to escape until 
subjected to some purifying processes in the shaft, by connecting 
arrangements with it, such as haye been explained by the pre- 
ceding figures. The air may be made to take an ascending or 

Fig. 21. 
¥ig. 20. 
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descending movement at any place between a and ^, according 
to the disposition of the yitiated air-channels. 

107. The SMOKE from manufactories so frequently presents 
a source of extreme annoyance, in consequence of the quantity 
of soot evolved, that this subject has deservedly attracted much 
attention, independent of those cases where deleterious gases are 
discharged. Let any one watch the amount of soot at times 
produced by a single chimney, let him examine in detail the 
discomfort and the expense thereby entailed on thousands, and 
the destruction of furniture and clothing which become saturated 
with it, while there is also reason to believe, that, in some cases, 
it enters the lungs to a certain extent, and clogs or obstructs the 
minute tubes that lead to the air-cells, — ^and he will be abun- 
dantly satisfied that no manufacturers ought to be permitted to 
allow smoke to escape to the extent that is always observed, 
where no special aiTaugements are made to prevent it. Far- 
ther, in much the greater number of cases, the smoke that ap- 
pears is a loss of fuel to the manufacturer ; and hence, as in 
numerous other cases of nuisance, his own interest is connected 
intimately with the question. The subject is necessarily very 
extensive in connection with the extremely varied use of ftiel in 
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Uie operations of art. The report lately published on the smoke 
niii&ance, gives ample details of the ninaerous mgenious lurange- 
ments proposed for tlie prevention of smoke* The extracts in the 
Appendix, explanatory of the nature of smoke^ are taken from a 
paper which I drew tip lately for the Committee of the House of 
Commons, in which a general view is taken of the principal 
materialB to which the term mnoke has been applied. 

108. The preceding observations, in this section and in 
the AppendiXj having explained the nature of smoke, and the 
mode of treating deleterious and offensive emanations from 
manufactories, using this term in its widest acceptation, it only 
remains to refer to the combustion of carbonaceous smokes. 
Equality in the distribution of the fuel, and the opposition 
of hot air with sufficient oxygen, are the great desiderata 
in all arrangements for consuming smoke, A regelated and 
divided entrance of air, the introduction of prepared fuel by 
machinery, the rotation of circular grates, the rotation of bars, 
the infusion of air by a blast upon the top of the fuel, tho 
action of steam, and numerous other plans, have been tried 
with veiy various success, according to the nature of the fnel 
in use, the care with which the apparatus has been fitted, 
and the attention paid in managing it. Common bituminous 
coal instantly gives out gas when sharply heated, and this gas is 
consumed or produces smoke as it is supplied with air. The 
resolt of all experience tends to shew, that it is generally highly 
ecsonomical and advantageous to the manufiicturer to consume 
gmoke» when proper boilers are used. But when too small 
boilers are employed in proportion to the power required, the 
necessary amount of steam is not always to be obtained except 
by excessive firing, wlien a large quantity of smoke is almost 
laTariably produced, No cases demonstrate, in a more convin- 
cing manner, the extreme importance of the general introduction 
of elementary science as a branch of education, thau those con- 
nected with the use and disposition of fnel, where a little more 
knowledge on the part of those who manage the fires would be 
(rttended i^nth the most beneficial results, and enable them to 
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extend indefinitely improvements in the use of ftiel, and in the 
construction of furnaces. 

Fig. 22. 




Figs. 22 and 23 shew two of the forms of fiirnace that have 
been used for the consumption of smoke. Fig. 22 is a section 
of one of Mr Chanter's furnaces, in which the principal peculiar 
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rtties are the power of preTenting the access of air from below to 
the firat part of the fumacej by shutting the valTe connected with 
the weight Cy and of introducing air in the centre of the harSj so as 
to consume the products evolyed iu the first part, which reeeiTe 
only a small portion of air from a» 

Fig, 23 is a section of one of Mr Williams' argand furnaces, 
in which part of the air is admitted with extreme difiusion he- 
jQuA the furnace-bars, the first supply for the fuel being giyen 
at €i, and the second, from 5, being directed exclusively upon the 
gaseous products. In Mr Williams* book on his argand furnace, 
the reader will find much interesting information on the pheno- 
mena of combustion. 

The limits of this work do not allow me to enter more minutely 
on this question ; the report of the Committee of the House of 
Commous on Smoke contains yery full information on the Yarions 
processes hitherto proposed ; a report published at Leeds may 
ako be consulted with adyantage. 



Sect. VI. — Carbonometm*. 

1 09* In estimating the condition of atmospheric air, so far as it 
is required for ordinary purposes, it would be a great point gained 
were some familiar test introduced, which could be applied with 
facility in indicating its purity, in the same manner as the 
thermometer is employed for indicating temperature. For this 
purpose^ I hare employed, more particularly during the last eight 
years, rarious modes of estimating the amount of carbonic acid 
in the atmosphere, such as are usually resorted to in the chemi- 
cal laboratory, but have found none so convenient for ordinai-y 
purposes, without the laboratory, when indiyi duals, unacquainted 
with chemical details^ were to apply and interpret the results, as 
those where a solution of lime-water or baryta were applied, so 
ag to point out generally the amount of carbonic acid which might 
be prosent in the air under examination. 

110, Carbonic acid being the principal impurity communi- 
cated to air by the processes of respiration and combustion, as 
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well as in numerous other operations, it will be obrious tfa^ 
where it predominates, other impurities may also be in general &< 
pected. Hence, then, though no general analysis of air can eyer 
supersede the necessity of local inquiries under peculiar circum- 
stances, still, a more general attention to the amount of caxbonic 
acid in ordinary apartments, would be as important as the use 
of the thermometer and the hygrometer ; its influence insidiously 
gains upon the person, and is not likely to be otherwise forced upon 
the attention ; the state of the atmosphere in schools is intoler- 
able, in many cases, to those who may enter from without, while 
those in the school may be insensible to the deterioration which 
has gradually and silently taken place since they may haye en- 
tered. 

111. Though carbonic acid, accordingly, maybe the more 
predominating and important impurity which it may in general 
be necessary to check, it must not be forgotten that much in- 
formation is still required as to the details of its action, and the 
extent to which it is modified by the influence of carbonic oxide 
or other ingredients, with which it is often mixed. These 
operate with so much force in some cases, that death has en- 
sued at times in the lower animals, where the amount of car- 
bonic acid was only l-5th to l-3d of what it was in other cases 
before life was extinct. M. Le Blanc attributes the excessiye 
influence, occasionally attributed to carbonic acid, to the pr^ 
sence of carbonic oxide, and has adduced some yery remarkable 
and important illustrations in proof of this opinion. 

112. A little lime-water, or barytic water, introduced into 
an ounce phial containing the air of the apartment under exa- 
mination, immediately indicates the presence or absence of car- 
bonic acid, by the precipitation or non-precipitation of a com- 
pound of the earth, and the carbonic acid which the air may 
contain. The accompanying phiafs (Fig. 24) represent the 
yaried appearances shewn, after the action of the test, accord- 
ing to the quantity of carbonic acid present. The manner in 
which air is occasionally drawn through a minute quantity of 
barytic water, by means of a syringe attached to a tube, is 
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^^y Fig. 25* In coaj-mines, I have occasionallY employed 
n inmut<f3 quantity of barytic water poured on a fragment of coal. 



Fig. 36. 



and in sclioola, a Binall portion placed in any glass is snflicient. 
But. in other cases, the annexed forms of an instrument I haye 
termed the earbonoraeter has been used^ wliicli enabled the ex- 
periment to be made with definite quantities of air* The ope- 
rator soon acquires sidficient experience to judge of the general 
nature of the atmosphere^ from the amount of deposit or turbi- 
dity in the clear solution employed. The worst air I have 
Htherto met with w<as in a printing-office lighted by gas ; the 
lime-water became coated with a crust as soon as it was poured 
oat. In preserving specimens, the best mode consists in sealing 
hermetically the bottles containing the air, by fusing the neck 
of thephialj as shewn in Fig. 25. 

113, As atmospheric air always contains a minute quantity 
of carbonic acid, a long exposure^ even to common airj would 
ultimately produce a white deposit, similar to what is more rapidly 
formed in impure air* Hence, the velocity of movement ought 
always to be taken into consideration where no definite amount 
of mr is used, as, under other circumstancea, no dependence 
conld be placed upon the result. The more precise metliod of 
proceeding, and one well adapted for schools, churches, and 
crowded assemblies, consists in employing a carbonometcr, if it 
lie* desired to have at aU times the means of ascertaining the 
condition of the au\ 

114* The CAEBONOMETER cousSsts essentially of any vessel, 
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as represented in the annexed Figs. 26, 27, 28, which, when 
filled with water, determines a current of air to pass through the 

Fig. f 8. 



Fig. 26, 




small glass attached to the upper part, the water being permit- 
ted to descend by its own gravity, on opening the intermediate 
stop- cock. And as the stop-cock is opened only so as to ad- 
mit the water to escape drop by drop, the carbonic acid acts 
freely on the chemical agent in solution in the small bulb, as the 
air passes through it, and fills the void induced by the descent 
of the water. The bottomless bottle. Fig. 26, is filled with 
water by a syringe fixed temporarily at the top; 27 is filled 
with water by merely dipping it in the water, and replacing it 
on the shelf. To obtain a new observation with Fig. 28, it re- 
quires merely to be inverted, arranging it again as the figure 
explains. By contrasting the efiect produced by the descent of 
fifty cubic inches of water in the open air with that seen when 
the air is loaded with carbonic acid, a carefiil observer will soon 
be able to draw satisfactory couclusions from his experiments. 
When the precipitate is not reserved for use, dilute muriatic 
acid dissolves it rapidly ; after removing it altogether, the bulb 
is ready for a fresh observation. 

115. Lime-water is sufficient for ordinary purposes. It is 
prepared by agitating a tablespoonful of newly slaked lime in a 
bottle of water fh>m time to time, decanting the liquid for use 
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as it is required, when the undissolyed lime in excess may have 
subsided. Barytic water is preferable, being much more prompt 
in its indications, from the greater strength of the solution which 
can be procured. Insoluble carbonates are formed in both cases. 
The facility of preparing lime-water in almost any situation, 
recommends it for general use, when comparative indications to 
be tested by the eye alone are required. Where many experi- 
ments have been performed within a limited time, the air has 
occasionally been drawn through the test-water by an exhausting 
syringe. 

116. An ounce phial, full of lime-water, when emptied in a 
great measure, but retaining a little, about half a drachm, to act 
on the air which enters, is occasionally used. This is not so 
desirable a mode of proceeding, as part of the carbonic acid, as 
it enters, is lost in the lime-water which escapes. An expe* 
rienced eye will judge of the purity of air, by merely agitating 
lime or barytic water in a wine-glass. 

117. In all these experiments, the operator must take care 
that the effect of the breath from his own nostrils, or that of 
others, be careftdly guarded against, otherwise the results can- 
not be relied on. Let him blow a little air from the lungs into 
a drachm of lime or barytic water, and he will soon see the rapid 
formation of an insoluble carbonate, and the necessity of this pre- 
caution. 
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CHAPTER III. 

ARCHITECTUBE AND VENTILATION. 

118. It has been admitted, of late, that warming and yenti- 
lating arrangements ought to be defined more particularly than 
has commonly been the case, before any building is commenced, 
and incorporated with the original structure from its foundaticm. 
This is, unquestionably, a great step in adyance ; but we would 
yenture to urge that it is short of the necessity of the case, and 
generally below the standard which economy of execution and 
the maintenance of health demand. This subject can neyeTy in- 
deed, be placed on the most desirable footing till the architect 
shall always design in unison with the principles of yentilation, 
and make them a primary, instead of a mere secondary, conside- 
ration, in his structural arrangements. When this principle is 
not adopted, the means of economic yentilation may too often be 
considered as superseded, before any attention has been bestowed 
upon them. Due and adequate yentilation is too intimately 
connected with the whole suite of architectural arrangements to 
admit of being introduced adyantageously, in all structures, 
whateyer may be their form and disposition. The mobility of 
air is such, that it can be made to moye in any direction that 
may be required, but the economy or facility of executing such 
moyements form yery different questions. 

119. Till the last century was far adyanced, the constitution 
of atmospheric air, and consequently its precise relation to the 
human frame, were unknown. Since these, howeyer, haye been 
pointed out, and, at a period when the progress of art and science 

daily unfolding and applying new resources and new materials 
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to all the v&ried deuiaiidB of arehitQcttire, it would be singular, 
^indeed, were increased importance and consideration not given to 
lliose fact^ and principles wliicli tell more directly to liealtlij 
strengtli, and lengtli of life, than any others that can be brought 
to bear on the construction of tlie habitations of men. And, 
after ail^ though the inrisibk> air is too apt to be forgotten amidst 
the more obvious attractions of ai'chitectural art^ still, in a prac- 
tical point of view* fche visible structure is only the shell or body 
of that interior atmosphere without which existence could not be 
s^upportcd, wliile it is also the medium of intellectual conimuni- 
eation, and the channel through which heat, light, and electricity 
[invey tbeir inflnence upon tlie human frame. It is no exagge- 
^ration to say, that along with those means of defence and seclu- 
sion which they naturally present, the great and primai^y object 
lif architecture is to aftbrd the power of sustaining an artificial 
Fatinosphei'e, such as the constitution under each variety of local 
Icircumstances may require. It is, in reality^ to every buildini^ 
rhat the breath of life is to the human frame — the vivifying 
principle^ without which they would be tenantless and uninbabit- 
able. 

120. It is sometimes aa'gued that ventUation is expensive, 
and that the cost is such as to preclude tbo general intr*>duc- 
Itton of extended arrangements, similar to those that have been 
f adopted in some buildings* Such reasoninof has no force, unless 
viewed in connection mth the special circumstances of each in- 
dividual case. Systems of ventilation are often compared by 
parties who never take the trouble to enquire as to the amount 
of air wbich each may be capable of supplying, and which is 
©saential to meet the peculiar position to which it is to be ap- 
plied. A system may be good in principle, but totally deticient 
in the amount of supply. It is not expensive to ventilate any 
place, if this primary question be kept out of view ; but large 
[m the quantities of air may have been which have been supplied 
I in different public buildings, I am not aware of one where the 
supply on those occasions when ventilation is most loudly de- 
juandcd, in whicli it has not been below rather than above the 
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amount which would have been acceptable. Yentilatioii ought, 
accordingly, to be considered in a twofold aspect, in the same 
manner as food, clothing, or any thing else, where one propor- 
tion is essential for existence under any circumstances, while 
any thing beyond this should be yiewed in the light of a luxury 
adapted to the circumstances of each indiyidual case, and in con- 
nection with the amount of value which the indiyidual to benefit 
by it may be inclined to place upon it. In this point of view, 
the following may perhaps be considered a proper exposition of 
the facts of the case, in respect to the expense of ventila- 
tion : — 

121. I. Were ventilation made a primary consideration in 
construction, and designs formed in unison with those laws that 
admit of its most economical application, it would be much less 
expensive than when appended to buildings previously designed 
or already built, and advantage might be taken of many altera- 
tions which would necessarily diminish the expense incurred 
specially for it. For instance, numerous apartments are daily 
constructed of a much greater altitude than is required where 
systematic ventilation is introduced, for the purpose of ^ving 
an ample supply of air. In such apartments, though air is 
longer in becoming vitiated, it is also longer before it is puri- 
fied when once the vitiation has taken place. But, with syste- 
matic ventilation, a pure atmosphere can always be sustained 
within the zone of respiration, though the walls of the apart- 
ment be not elevated higher than the heads of those who may 
occupy them. The economy effected by reductions of altitude 
in indiyidual apartments, though only amounting to one or two 
feet on each floor, would, in most instances, amply repay any 
expense incurred in improving the ventilation. 

122. II. Were central shafts preferred for ordinary pur- 
poses, whether for individual houses, public buildings, or for 
commanding streets, squares, or districts, the permanent eco- 
nomy and improved health which would necessarily attend their 
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inirodoction^ ought not to be forgotten in estimating their actual 
cost. 

123. m. In individual apartments , an ingress and an egress 
for JUT, controlling valyes, and such diffusion as the numbers 
likely to occupy each apartment might render necessary, form- 
ing the great essentiak of Yentilatioo, a great expense would not 
be oecessarf , if the requisite means were introduced in the ori- 
ginal structure. 

124, IV. In old buildings, the introduction of systematic 
ventilation may be expensiye or notj according to the facilitioa 
they presentj the amount of ventilation required, and the con- 
dition of the atmosphere accessible. In some places, old church* 
yards liave had to be opened, and air-tight tunnels carried 
tlirongh them. At the Old Bajley, a tunnel had to be made 

rMch cut through the Old London Wall, and traversed old 
drains and sewers, from all of which it had to be defended in 
cement ; a peculiar site was also selected for the ingress of air, 
that it might have the purest air the district could aiford, where 
chimneys from eating-houses, in which, at least, a thousand 
»ple dine daily j drains not prevented from evolving gaseous 
lanations, soot, chimneys from workshops, fi'om which most 
EifTenaive fumes are discharged upon the Court windows, and the 
air of the whole district very often affected by the neighbour- 
ing markets, — -all tended to modify the details of the plans 
adopted. 

125 » y. Again, the constant efflux of vitiated air would prove 
a great antidote to dry-rot, by removing that moisture, carbonic 
d<\, and insensible exhalations of animal matter, which form the 
Bjp-cat food of dry-rot in non-ventilated apartments. To prevent 
dry rot, we must either reduce or increase the temperature at 
which the material is sustained so as to render vegetation im- 
possible, without the aerial ot other pabulum by which it is sup- 
ported, or impregnate it with materials which arc of such a na- 
ture a^ to resist or oppose its progress. Effective ventilation 
not only removes the pabulum that otherwise accumulates, par- 
ticularly in crowded buildings, and also tends, by its oxygenating 



74 DRY-ROT. 

influence, to burn or pare off many products that frequently tend 
to ag^egate and present a nest or basis for yegetation. But 
in all cases where there is either peculiar exposure — a difficulty 
in obtaining constant and free access to the timbers, — or a de- 
sire to giye the highest protection, the materials should be sub- 
jected to those agents whose antiseptic powers tend to oppose all 
incipient vegetation. Among these, the muriate of zinc intro- 
duced by Sir W. Burnett, which I have used on different occa- 
sions, and which, from the specimens I have seen, is the most 
powerful of those materials that do not affect the texture or other 
qualities of the wood, and Mr Payne's process, by which differ- 
ent materials are made to re-act upon each other through the 
substance of the wood, a process by which the wood is altered 
in its texture, claim more especial attention. Many oily anti- 
septics, though offensive from their odour, are also effectual in 
preventing dry-rot. But, as yet, I have not seen any specimens 
of wood or canvass that have resisted such trying circumstances 
as those that were protected by the muriate of zinc. 

126. VI. The expense of ventilation tells principally in cold 
weather, where abundance of fuel is necessary to maintain a sup- 
ply of warm air in proportion to the amount consumed ; but as 
valves are provided in all systematic ventilation, by which every 
individual can increase or reduce the supply to any extent that 
he may consider desirable, this is no just objection to the intro- 
duction of extended measures for ventilation, which, if well ar- 
ranged in ordinary habitations, will work effectively in summer 
at little or no cost, when a large amount of ventilation is prin- 
cipally required. Further, in winter, the comparatively small 
amount of moisture in solution in the air renders less air neces- 
sary for ventilation than in summer. 

127. VII. The increased brilliancy of illumination generally 
introduced by lamps, or otherwise, since the application of gas- 
light to artificial lighting, demands a greater amount of ventilar 
tion than was formerly required, even where oil-lamps and candles 
may alone be used. Health cannot, in this respect, be placed on 
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tli0 same footing as formerly, Enless the lighting be reduced, «r 
the ventilation be exteade*!, 

128. Vlll. If heat be produced so ns to warm the ball and 
pasaages of ordinary habitations economically by an Amott stove, 
or a mild hot-Tvater apparatus, and these be made tlto jj^reat 
reserroii^s and source of fresh and warm air, the yentilation will 
be greatly simplified. The want of an acknowledged ingress of 
fresh air of snfticient magnitude Is m great an evil as a defeetive 
e^rcsSj thongh in large works recently publishotl the egress alone 
is mentioned as being necessary * But when an egress alone is 
provided, it must act practically, both as an ingress and egress, 
and be accompanied by oifensive descending currents of cold and 
impure air from above, ii' the usual position for the discbarge 
selected, or be suj^plied irregnlarly from casual sources, othen^'ise 
eo ventilation whatever can ensue. 

129, IX, Lastly, the management of the most ordinary ven- 
tilation is rarely understood in houses having only a very few 
apartments ; and, perhaps, more expense, discomfort, and annoy- 
ance, frequently arises from this cause than from any other, par- 
ticularly where both those that give and those that receive orders 
do not distinctly understand whether they have or have not the 
means of accomplishing what they desire. General education 
can alone ob^^ate this evil. 

ISO. Were the ventilation of whole streets, as well as public 
bttildingSj placed on a systematic footing, thousands of towers, 
spires, pillars, and minarets, &g. &c., would gradually replace 



* The pEtrogTHpL roforred to b in the foUowing m grds, which cotistituta tha 
entire article on r^ntilatioa in a work qd archit^ture numbering upwordE tif a 
thousimd pages :— 

**- The continual supply of fresh air to eh apartment is a subject whioh lAttarly 
haa been considered eg necesisary, though timch negleetedj ue the modems HCietn 
to thinks hy their anc^Btors, that a volume would not hold the a<:hemeB thut have 
been latterly proposed for that purpose. G^neralJj, it is enough fi*r the archi- 
tect to provide meauB for lotting off the hot air of an apartment or building by 
Apertures at the upp^r purt of the rooms, &c,, to which the hot air will ascend 
wjthoiit afflicting with the currents of fresh air that are to he introducod tht^ije 
tbit inhabit them," 
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the tens and hundreds cf thousands of common chimneys that 
are at present seen on almost every dwelling, and afford not only 
more effective means of supporting health, but also innumerable 
opportunities of introducing useful structures, which, at the same 
time, ndght be rendered highly ornamental. The frontispiece 
represents, on the left, St George's Hall, and the new Assize 
Courts, designed by Mr Elmes, and now in course of erection 
under his direction at Liverpool, in the large vacant area oppo- 
site the railway station at Liverpool. The hall alone will accom- 
modate four thousand people ; and in the new disposition of the 
ground, it will be obvious that few places would present a more fit 
opportunity for the ventilation of a whole district under the ope- 
ration of some central power, as indicated by the large shaft be- 
yond the building in the centre, or for constructing a central 
range, when a smaller shaft, confined to it alone, might be made 
both useful and ornamental. 

131. Systematic ventilation would permit the use of gas in 
all public buildings or private dwelling-houses, as thus no leak- 
age would discharge any gas except into the ventilating tubes, 
and no products of combustion could mingle with the air of the 
apartment, were they treated in the manner explained in the 
paragraphs on exclusive lighting. At present, however, the 
intolerable oppression produced by excessive gas lighting arises 
at times not only from the escape of unconsumed gas, but also 
from the return of the products of combustion to the zone of 
respiration. 

132. Again, few circumstances would contribute more to the 
general use of smokeless fuel, and, consequently, the general 
prevention, or, at all events, the extreme reduction of smoke, 
even in ordinary habitations, were ventilation greatly extended. 
Three causes, in particular, concur to this effect, viz., the anxiety 
to exclude the large amount of soot that at present penetrates all 
varieties of dwellings in large and densely populated cities ; — 
the enlarged consumption of gas that may be anticipated when 
exclusive gas-burners are used for ordinary illumination, and the 
consequent production of a corresponding large quantity of smoke- 
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[^ss fuel, while the more exteoded use of gas as a lieating power, 
Tbotli for domestic u@e and in tbo arts, must contribute to the same 
*iffect ;■ — andj lastly, the more abundant production of anthracite, 
mud the greater familiarity with the proper method of using it, 
^Teii for open fires. This subject will be again adverted to in 
explaining the mean^ of prmlucing and communicaiing lieat. 

133t Such a course would not only proYe a remedy a^inst 
gmoke^ but increase the tendency to combine and beautily the 
discharging channels or shafts for smoke-flues, as they would not 
then be subject to those sooty emanations wMch would otherwise 
tend rapidly to disfigure them. 

134, It would equally remove one of the most frequent causes 

of tires, and entirely abolish any necessity for sweeping chimneys 

cither by machinery or by climbing-boys, and, thereforej prove 

the most effectual barrier to all evasion of the humane and salu- 

, tary law that was introduced on this question. I may mention here, 

t m I hare elsewhere stated, that tor ten years I have had nume- 

f rous flues in operation , in none of which has raw coal ever been 

employed, except for the purpose of illustration, and that they 

have never required the slightest sweeping, 

135* In many old buildings which have been altered under 
my directions, the large amount of shavings and broken wood has 
amply explained the rapidity with which many fires spread at 
first, when a light or flaming spark has fallen amongst them, and 
the facilities which have too often been afforded for the deve- 
lopment of fire by slow combustion bursting ultimately into flame, 
where oil, or any other similar material, has found its way amongst 
such materials, A practice is also very common j in many places, 
of sweeping rooms after sprinkling them livith saw-dust, and of 
tlirowing in quantities of saw-dust into roofs prone to exhibit signs 
of leakage upon the ceiling, so as to absorb the water. 

136> All such practices cannot be too severely reprobated, 
partictdarly after the various facts that have been discovered as 
to alow combustion, and that even charcoal, in particular condi- 
tions, ignites with facility at a temperature of 280 * 

137. It would be well, indeed, were all builders compelled to 
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report whether attention had been paid to the clearing away of 
all useless timber and shayings, particularly as this latt^ often 
enters into decay, and giyes an ample pabulum for the produc- 
tion of dry-rot. In one of the last buildings to which my atten- 
tion was called in this country, the fresh air entered over an 
enormous quantity of such materials, black with soot, and in a 
complete state of decomposition. In one place, nearly twenty 
carts of saw-dust were removed. At the Old Bailey, in intro- 
ducing the yentilating arrangements adopted there, about ten 
carts of decayed timber and loose useless wood were removed, 
all of which previously contributed to influence the state of the 
atmosphere. Were a coroner for fires appointed to investigate 
the causes of every serious calamity from this source, society 
would soon become more alive to many of the causes of fire which 
might be avoided. 

138. It would add greatly to the perfection of the architec- 
tural structure, were all arrangements for artificial light laid 
down in public buildings before commencing them. And in 
streets, or large suites of buildings, when intended for public 
purposes, it would be well to consider whether, in a certain 
number of houses, all could not be supplied generally with heat, 
steam, hot water, and ventilation, on the same principle as they 
are now supplied with cold water and with gas, without in any 
way compromising that individuality or seclusion which every 
private dwelling at present commands, though the water, the 
gas, and the drainage, of which it reaps the advantage at present, 
is common to it and many others at the same time. 

139. The four first figures in the Appendix, viz.. Figs. 312, 
313, 314, 315, point out some arrangements for consideration 
in entering upon the question of general ventilation, to be effected 
by a single shaft, and illustrate the mode of arranging hot water 
apparatus, when not aggregated so as to produce great heat in 
one locality, but rather to give a mild and equal warmth to the 
whole building. 

140. In general architectural arrangements, the elevation of 
the ventilating discharge, or aperture, to the highest accessible 
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altitude, and its protection by a cowl, by lotin'es, or any oriia- 
mentai structure, such as may bo tjmployed alone, or for conceal- 
ing them J adds ^eatly to tlic facility of yontilation. 

141, Figs, 29 and 30 poiat out the usual form of tho cowl 
and the louvres, the cowl being always surmounted with a rane. 
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and finished as the building on which it is placed may require, 
A few more figures ai'o given in the Apjjendix* The largest 
cowl I hare used ia at the Old Bailey. It is fifteen feet in 
diameter J runs upon rollerg, besides being supported on a central 
mast, and weighs two tons. The barb of the arrow which forms 
the vane is made of cast- iron ^ and weighs one liuudred and 
iM3venty pounds* This cowl was constructed by Mr W, Cubitt^ 
of Gray's Inn Road, and lias worked with great steadiness and 
equality. In most other places where cowls have been intro- 
duced, they hare been concealed by louvres or other arraugements. 

142- In the queries in the Appendix, which are illustrated 
by some diagrammatic lines, a number of circumstances are 
noticed, which should be kept in view in considering the nature 
and practice of vetitilation, The teathers of the arrows are in- 
tended, in all the diagrams, to indicate the ingress of air, and 
the barbs the discharge^ while the body shews its course, or tho 
number of ditlerent channels into wluch the primary stream of 
ail" is often split, and the number of individual streams which 
are subsequently gathered into a single discharge. 

143, No reference is made in these queries to windows, as it 
h presumed that, however desirable it may be to have the power 
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of opening a window in an ordinary apartment, it is better to pro- 
yide independent channels for the ingress of fresh air. 

144. If a window be opened to a rerj trifling extent abore 
and below, it may give in many cases all the yentilation abso- 
lutely required ; nevertheless, the local action of air from doors 
and windows cannot be too carefully guarded against. John 
Urquhart, whose whole time, for several years past, had been 
directed with great zeal and care in carrying into execution the 
yarious rules giyen for the management of the equalizing cham- 
bers for the yentilation at the Houses of Parliament, and who 
escaped the effects of severe exposure in the various hot, cold, 
and mixed air-channels into which it was necessary for him to 
pass and repass continually, whenever the Houses were sitting, 
went to Gravesend for a few days, and having slept with the 
window open, a current of cold air which played upon him as he 
slept, led to an attack of inflammation, and he died in three days. 
He was an extremely stout man, in the prime of life, and mo- 
derate in all his habits. Cold air may be offensive to the feet, 
but it is much more dangerous as it plays upon the lungs and 
organs of respiration, and various cases, such as the above, indi- 
cate the importance of the means of giving difiusion to the air 
that comes in contact with the person. 

145. Cold glass also produces a descending current of air, 
which is very offensive to numerous constitutions. Double win- 
dows, as will be explained hereafter, remove this defect. 

146. When moisture appears on a window, it always indicates 
that the air which deposited the moisture was saturated with it, 
supposing its temperature to be similar to that of the glass on 
which it falls. 



PART IL 

NATURE OF VENTILATION, AND THE MEANS 
BY WHICH IT IS EFFECTED. 



CHAPTER I. 

NATUHE OF VENTILATION, 

147. Ventilation consists essentially in the supply of freah 
air to any apaiiment, and the removal of that which has heon 
vitiated. Without the use of air-pnmpSj or other artificial means, 
it is iin|:K)ssiblo to discharge air, howeyer small the quantity (the 
tenipcimture of the air being constant), without a con'esponding 
ingress from the external atmosphere : a proper entrance for the 
fresh air, and a proper exit for the vitiated air, are accordingly 
the first desiderata. Without these, no arrangements, however 
Bitisfactory in otlier respects, can be considered iis being placed on 
a systematic footing. An ingressand egress might certainly, under 
peculiar circumstances, he effected alternately by one and the same 
aperture, and satisfy all the essential wants of nature, m in the 
.case of ordinary respiration, where the mouth and nostrils serine 
aa a passage for air, both in inspiration and expiration ; but, un- 
less ita action were sustained by a mechanism, as powerful in 
[*ro]K>rtioii to the movement of the sdv required, and as regular 
and effective in its operation, it wonld he vain to expect that it 
would meet the demajida of ordinary rcntilation. An endless 
variety of cases might be pointed out, where ventilating arrange- 

f 
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mcnts have been rendered useless by the neglect of proper 
sures for the ingress of air. 

148. In numerous instances it will be seen, on minute inyesti i- 

gation, that an apparent discharge is provided for the escape o^ftr^^f 
vitiated air, where none in reality exists. Thus, in churches,.^ ^s, 
hospitals, and other buildings to which my attention has been-^r^ 
directed, it has not unfrequently happened that large apertures -^3* s 
in the ceilings led to air-tight roofs ; and even where there might 
be apertures in the actual roof, still they were too often of little 
or no use, in consequence of their inadequate area, or from the 
vitiated air escaping through the ceiling becoming subsequently 
condensed in the roof as its temperature fell, and returning in 
endless currents, so as continually to contaminate the air in the 
apartment from which it had escaped. 

149. Few points are of more practical importance than the 
proper management of vitiated air, as it escapes from the ceiling 
of any apartment in which it may be produced ; and, in parti- 
cular, it ought rarely to be permitted to extend and difPiise itself 
under a cold roof, but be conveyed in a distinct channel or venti- 
duct, till it shall escape altogether into the external atmosphere. 
To allow vitiated air to escape generally under the roof of any 
building in cold weather, is to commit an error precisely parallel 
to that which would be so objectionable in the management of 
drains, were water from them permitted to flood the pavement 
of any building, instead of being conveyed directly by special 
communications to the sewer outside. In summer weather, there 
would undoubtedly during the day be less objections to such a 
course, as the heat of the sun might then be expected to deter- 
mine generally an ascending current ; but, at other times, the J 
current would descend, as on all occasions when the cooling 
power of the roof exceeded the effect of such warmth as might 
be produced within. 

150. In the greater proportion of cases, air finds access to 
apartments in very variable proportions, by doors and windows, 
and consequently, the providing of a discharge for the vitiated air 
is the more important object, and the greater the altitude to which 
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warm and Titiated air can be conTcyed before it mingles witb 
frc^h cold air, the gi'catcr is its ascending force, and the certainty 
witb wbick it is discbarged* 

151* IrregTilar and uncertain cbannek for tbo ingress of air, 
difficult of control, and crcr varying witb the condition of tbe 
external atmosphere, are the true source of offensire draughts 
and oirrentis, which, to many, are still more obnoxious than 
vitiated air, The latter may undermine the constitution by a 
slow action, but draughts and currents produce cough, colds, 
rheiiniatisms, pleurisies, and other inflammatious, which not un- 
frequently prore quickly fatal, and are therefore justly dreaded, 
in consequence of the greater riolcnce and rapidity of their 
action, particularly as their first effects at the same time render 
them more palpable than those deyeloped by a vitiated atnio- 
sphere. 

152, A moment's reflection will satis^ the mere student as 
to the truth of the position, that, unless a new portion of air be 
admitted into any ordinary apailment^ the portion which is al- 
rfeady there will not be e3q>ellcd. It is the force of the air entering 
that causes the vitiated air to be expelled. It is necessarily im- 
possible to have ventilation without a movement of air. At all 
times a tendency to movements in the air, or the production 
of a draught or current, may be observed, proportional to any 
inequalities of temperature that may arise from natural or other 
caujses, or the action of any mechanical force. But though it is 
in vain to expect Tentilation without movement of air, still, when 
this moTement is duly regulated, according to the temperature of 
the air and the wants of the system, it is either altogether im~ 
perceptiblej or at least inoffensive, and therefore rarely becomes 
the subject of remark ; but if it be excessive, then it forcibly 
arrests the attention, and increasing complaints consequently 
ensue. 

153* It would be well for those who suffer from draughts and 
currents, and who constantly declaim a^^ainst any movement of 
MT, to consider, — That their bodies have been so formed that the 
air never stagnates around them during life : That a slow, but 
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equal and continuous, current ever mores around the living 
frame : That it is not the mere movement of air which is the 
cause of offence, but the movement of air in proportions, or of a 
character uncongenial to the condition of the system at the mo- 
ment : That even the most delicate ladies, who express their 
horror of draughts and currents, practically increase, from time 
to time, the movement of air that impinges upon them in warm 
atmospheres, with their fans, producing an agreeable and re- 
freshing atmosphere with air which is oppressive and offensive, 
when not assisted to this inordinate movement : That the greater 
the degree to which the movements of air may have been reduced, 
the more does the system become sensitive to any renewal of its 
wonted action ; and that the best means of obviating those effects 
which are so much dreaded, consist in so regulating the move- 
ments of air, that it shall never be reduced excessively, and thus 
the system can never be heated up to that point when draughts 
and cold currents become dangerous as well as offensive. 

154. Finally, on this point, it cannot be too strongly incul- 
cated, that the perfection of ventilation consists in the free sup- 
ply of air so completely attuned to, and in harmony with, the 
frame upon which it acts, that its operation is not perceived. 
It should steal so gently upon it, that the attention is not roused 
into any consciousness of its presence. It may then be termed 
an acclimated atmosphere. Rude and local currents, whether 
cold or hot, always indicate imperfections, which should be ba- 
nished or controlled wherever permission can be obtained. These 
remarks are made on the supposition that the system is in a 
neutral condition at the moment, and not excited by any recent 
exercise, or by excessive diet ; nor, on the other hand, depressed 
by too great abstinence, or any other cause. In such cases, a 
colder atmosphere or a brisker motion becomes more agreeable 
to the over-excited constitution, and the reverse to that which 
is depressed. 

155. It will be obvious, accordingly, that unless an appropriate 
channel be provided for the ingress of air, its movements cannot 
be controlled, and that it is as important to take proper steps 
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Ibr the ingi*ess uf frosli air, a^* ibr the egi'css of lUat wlucli is 
ritiatcd, these two DjXTiitions being intiei»aniblv asswiatcd uitli 
and dependent m\ eacli other. 

150. The next i[iiestion that ought toonga^* attention, is the 
course whidi the air ought to take iu proec^eding tliroiigli any 
apartment. Here it may be obsserved, tliat, iu tl»is country, air, 
ritiatcd by re&piratioa, tends invm'iahly upwai'tls, after it has 
overcome the momentary impulse itoiiimunicated to it by the force 
i»f expiration , The products of eombustioii follow a similrir course, 
and also those evolved from the surface of the body. Hence, 
then, it may be stated as a general rule, that vitiated air collects 
above in any apartment more than below, and tliat an ascending 
movement siioukl be laven accordingly to the air which entei'^, 
sf> that when once it has come in cimtact with the ^^ysteni it may 
he propelled onwai^ds, and never return agfain to the zone of 
rt'Hpiration (the space from which the air is receivetl when inspired 
by tlie nostrils), but be cuntinually succt^cded by fresh accessions 
of pure air. 

157- The ascending movement is idm the natni-al system. 
Were vitiated air to dcseendj in a very short time the surfjice of 
many districts woidd become so lai-gely contaminated with it, 
that disease and death would speedily ensne on every side. It 
may be assumed, then, that a system wliich is not only in unison 
with the laws of nature, but also that which ahmjst nniversal ex- 
perience dictates, may be safely follow^ed as a guide in lea*ling- us 
to give a decided preference to ascetiding movements in all ordi- 
nary caaies where this may be practicable, 

158* In cai^es of forced ventilation^ where the ingi*eaa and 
i^T'ess of air is subject to the action of a [K>wer tljat may be re- 
gnlatc^d at pleasuiCj it may be expedient, under peculiar circum- 
wtances, and where special difficulties present themselves^ to 
resort to a descending movementj leading the air front the ceiling 
to tlie floor, instead of from the floor to the ceiling, Such 
movements are nc*cessai'ily more expensive tlum the ordinary 
ascending movement ; they are applicalde only where the pnxlucts 
of com bu lit ion. from l^'imps. candles, or gas, are remove tl by 
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exclusive processes^ from the descending atmosphere ; they 
should be resorted to only where peculiar difSculties occur which 
cannot be OTorcome by other means. At one period, when it 
was affirmed that peculiar difficulties presented themselyes in 
regulating the atmosphere of the House of Commons, I made se- 
yeral trials with the descending atmosphere, considering it, under 
these circumstances, the most desirable for that building ; but 
subsequent inyestigations led me to ascertain that the objections 
made at that period were not tenable, when the arrangements 
were maintained in proper operation, and no descending atmo- 
sphere accordingly has ever been introduced during the debates. 
It may be stated, howeyer, that as the first moyement of the air 
from the nostrils proceeds in a downward direction, it would 
not be impossible to prevent the expired air from returning again 
upon the system by a downward movement, where very large quan- 
tities of air are freely introduced. 

159. The more desirable ascending movement is not so im- 
perative, generally speaking, in all cases where the supply of air 
is large and abundant ; but unless this be strictly attended to, a 
descending movement is considered objectionable, not only from 
its greater expense, and from its returning vitiated products upon 
the system, but also from its tendency to produce disagreeable 
effects as it impinges upon the head, unless warmed to a point 
somewhat higher than would otherwise be necessary. 

160. Again, in some cases, in lunatic asylums, in hospitals, 
and in numerous operations of art, a descending atmosphere is 
very desirable; while in museums, galleries of art and science, and 
all similar establishments, a mixed movement is preferable, by 
which dust is carried directly downwards from the floor, while 
the moisture of the breath, and products of combustion and 
respiration, are discharged above. 

161. A lateral movement from side to side is not desirable, 
as in all crowded assemblies, where such a systeip is introduced, 
or even where the movement is from the side alone to the ceiling, 

* See Lighting. 
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t.hose nearest the sido whore the air first enters are subjected to 
the f uU iuJiuenee of the currejit required lor all, while others, at 
a distance, only receive an inferior quality of air, in consequence 
of its prerious action on those oyer whom it may haye passed in 
its progress towai^dis them. 

1 62. A mixed current, lateral at first, and ascending after- 
wards, is perhaps that which is most generally desirable and 
economically attainable in ordinary apartments, not crowded with 
¥uany individuals. 

163. It is arery common error to suppose; that, as carbonic 
acid is a very heary gas, and one invariably produced by the 
process of respiration, and by the combustion of all the more 
common inflammables, the air vitiated by respiration and com- 
bustion tendB to descend to the floor of any apartment in wliich 
it may be evolved ; or that the carbonic acid always t^nds to 
separate from it and accumulate below. It is certainly^true, that 
carbonic acid^ when produced in a very concentrated form, does 
pass along the ground, and occupy, tor a time, the lowo' poi-tion, 
in the same manner as water ^ or any other fluid would do. This 
is abundantly manifeBt in the Valley of Death, in the Grotto del 
Cani, in brewei*s* vats, in many mines, in old wells and pits, in 
the vicinity of lime-kilns, and, in short, in all situations where it 
18 evolved in quantity, and unmixed, or only associated with a 
limited proportion of aii* or other gases. But in all cases where 
carbonic acid has once mingled with a considerable proportion of 
air^ as in the process of respiration, and in the combustion of an 
ordinary lamp or candle, It does not again separate fi*om the 
gases with which it may have been blended, in consequence of 
it« specific gravity, nor is it removed except by the operation of 
porous solids or powders,* or of chemicals which attract it and 
combine permanently with it, or decompose it and evolve oxygen, 
retaining the carbon. 

164. Numerous facts prove the truth of this statement, and 
the appearance of carbonic acid gas in the highest regions of the 
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atmosphere which man has visited, affords ample proof oi thelai^^^ ^ 
that has been explained in the paragraphs on the diffdsion ctf=3of 
gases, to which the reader is particularly referred, who may no^-^cDt 
previously have examined this point. It is not enough, liowever"*^"'j 
to state that the carbonic acid evolved during respiration doea^^^ 
not separate from the gases with which it is mingled ; the expire^Ei^d 

air, as a whole, is specifically lighter, under ordinary circum 1- 

stances, than the surrounding atmosphere, in consequence of iti^SB -s 

temperature, and the moisture associated with it. And, there ^- 

fore, for a variable period after it is discharged from the lungs,.^.^? 
even supposing the carbonic acid not to diffuse itself still farther" " 
in the atmosphere, the vitiated air remains above. If then, the=^ 
vitiated air be removed by an opening above, it will be carried, 
away with the least chance of contaminating the remaining at- 
mosphere ; whereas, in apartments where the air is withdrawn at 
a low level, and the usual temperature maintained, the products 
of respiration must perpetually tend to return upon the body from 
which the air has been expired. 

165. In considering the level at which air ought to be with- 
drawn, no reference is, at present, made to the course which 
it may ultimately assume, after it has been extracted from the 
apartment in which it has been expired, but merely to the fact 
of its ascending power, even when diluted, with a large amount 
of colder air ; that point will be referred to in succeeding para- 
graphs. 

166. Diffusive Ventilation. — Numerous experiments 
having satisfied me that an amount of diffusion, far beyond what 
had been previously introduced, was necessary in supplying the 
quantity of air which I had been led to propose, it occurred to 
me, that tlic most effective means of accomplishing such an object 
would be to introduce universal diffusion in the apartment to be 
ventilated. I was led more pai'ticularly to endeavour to attain 
this object, in cousequouce of having noticed, that, in very crowded 
assemblies, adults may frequently be seen crowded together in 
different places, at the rate of one upon every square foot. At 
the Bai' of the House of Peers, I have had frequent opportunities 
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Ssemng numbers crowded together in thispropoi'tion, and I 
aru satisfied that, on many occa&ions, a still more dense aggrega- 
tion of individuals may be observed in otiier places. In mme 
ijxporiiiients at the General Prison at Perth, it was found, that the 
men engaged on tlie works stood in the same pTOpoition upon 
similar areas, 7^ standing, in one case, in a cell having an area 
of 81 feet, and 90 in another whoae area was 92 feet. And, 
in some trials made at the National Schools at Westminster, it 
was tl>iuid that two boys (aged from 4 to 14) stood, without dif- 
ficulty, on 1 square foot. In all these cases, no particulai' effort 
was made to indnce either those at the prison or at the school to 
occupy the smallest possible space, — they were merely requested 
to stand as close as they conveniently could.* This extent of 
crowding is not to be considered rai^e in pnhlic meetings, Where- 
ever extreme umnbers are congi^egated on a given space at im- 
portant and interesting trials, in the passages of crowded chm'chos, 
and on other occasions, I have repeatedly seen the unmbers as 
dense as I have mentioned. In a concert-room at St^^ckholm, 
I have secu the numhci*8 more dense than on almost any other 
occasion ; and even in huildings used for very diflferent purposes, 
asi in the Great Central Reception Room, at the Taileries (the 



♦ One of the deuseat crowds which I have witnessed, Dccurred oppoEite the 
huJtingSj, in Ibu High Street at Edinburgh, Eomc years ago^ whei!« thu^e towards 
the centre having been unable to resist the jjre»«iSQre at the head of one of the steep 
closea (InneB) which pr<Jceod from it, tht* mnment th«y gavo w&y a number of 
people were forced niechnnically down the dose^ and a. constant pressure being 
maintftiiiiHl by numbers pressing downwarda from the Caatle, and npward:^ from 
a tower part of the High BtriiGt, this Eingular movement Mas sUEtMned from that 
period iiU the meeting^ began to dispergo^ The opposing Btreiiiiits prcMiucrefi the 
central current, which presented the singular spectacle of a current, in which 
the individual moleculee were the human beings composing the crowd, and tbes«| 
in man J cttsefi, hail no saoner attaineii the ctintral pusltion to which thej were 
pr<ji)iiuig forward, than they foond themselves involved in a current whieh they 
could not resist, ai^d ultimately extruded tixnii the High Street, 1 have no heai- 
iatio'n in expressing an opitiiou, that, at a particular part of Ihi^^ currentt les» thai^ 
a sqtuiri^ foot w^aa the average space which eiM^h occupied < and in mmij places, 
nhere the peeflsuro is very sevi^re^ the ci-ijwd must be equally dense ; biitj t*x- 
cepi in tlifj causes tu which I have apeclficallj referred, I have not had Hie op- 
portunity of Hoiking pracisely the actual aombers that can he crow^ded in a given 
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Hall of the Marslials), this magnificent apartment presents in 
many places as dense a crowd as can be formed without injury 
to the person. 

167. Without referring to extreme cases such as these, it is 
evident that the larger the surface by which a given quantity of 
air is permitted to enter any apartment, the less will its impetus 
be upon the person ; and, therefore, the greater the d^ree of 
difiusion, the less will it tend to impinge offensively, and produce 
the disagreeable effect of a draught or current. Further, air 
entering by one or a few apertures only, often dashes along un- 
equally through an apartment to be ventilated, leaving the 
atmosphere comparatively stagnant in some places, but producing 
sharp currents in others. Where the difiusion is great, the 
individuals who receive the fresh air will, in a great measure, be 
supplied share and share alike, according to the perfection of 
the arrangements, and none will be so placed as to be forced to 
respire the air that may have previously been respired by others. 
Difiusive ventilation not only secures these important arrange- 
ments, but, at the same time, admits of this introduction of air 
at a lower temperature than would otherwise be practicable with- 
out inconvenience. 

168. The extent to which diffiision ought to be parried in 
individual apartments, must depend in a great measure on the 
numbers that may be expected to occupy them, and the amount 
of comfort desirable. As a general principle, the diffusion can- 
not be too universal. In a room for an invalid subject to cold or 
afflicted with consumption, the walls and floor might, if necessary, 
be rendered entirely porous for the admission of air, and the 
ceiling arranged in a similar manner for its discharge. 

169. In ordinary apartments, a great amount of diffusion 
may be secured by taking advantage of the skirting for this 
purpose, and in all churches, lecture-rooms, schools, theatres, 
&c. considerable opportunities are generally presented, particu- 
larly in the rising steps, where air can be led in with diffiision. 

170. In large apartments, occupied by a few individuals only, 
if the air be admitted at a distance from them, sufiicient diffusion 
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may be secured by the extent to which the air may be broken 
in its course before it reaches them. 

171. Again, the colder any air used for ventilation, the more 
important is it to attend to the amount of diffusion. (See ob- 
servations on temperature.) 

172. An extreme variety of textures hare been employed 
for promoting difiusion, according to the circumstances under 
which they hare been required. Hair-cloth is extremely use- 
ftd from its perfect elasticity, and from its not being absorbent 
nor retentive of moisture. Wire-gauze, perforated zinc, and 
numerous woollen cottons, hemp, and silk textures, have been 
employed where diflferent materials were required ; they may be 
dyed or painted in imitation of oak, or according to any other 
pattern, so as to be in unison with the apartment in which they 
are placed. 
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CHAPTER II. 

OF THE MOVING POWER REQUIRED FOR VENTILATION. 

173. The extreme variety of circumstances under which 
processes for ventilation are applied, necessarily indicate that 
very various modes may be resorted to for inducing the required 
movement in the air. 

174. For all ordinary purposes, the natural method of. 
VENTILATION will be found most eligible — that is, a process by 
which movements are induced or sustained in the air in the same 
manner as wind is produced in the external atmosphere, these 
movements being increased, when necessary, by the action of 
heat, and by the exertion of a shaft or chimney, that the heat 
may acquire additional force. 

175. It is much questioned by various individuals, whether a 
fanner, or some other mechanical power, is not more efl&cient and 
economical ; but this question is a little more complicated than 
is generally represented, and the following observations are given 
with the view of illustrating the more prominent circumstances 
that bear upon it. 

176. As air constitutes, in one respect, a balance infinitely 
more delicate than any that man can make, and as the most 
trifling increase or diminution in the density of any portion of 
air leads it to press more or less heavily than before on that 
which is immediately in contact with it, circumstances, almost 
too inappreciable at first to be considered worthy of notice, can 
nevertheless so alter its specific gravity, that it immediately begins 
to press more heavily than before on that which surrounds it, or 
' o jpve way before the pressure to which it may still be subjected 
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if its density be (!iininif?lit?d. But thausli niany popiilnj' niisap- 
prehciigions arc still entGi'tainod on this ^iiljject, it is universally 
acknowledged hj all who liaye experimentally examined it, tliat tlm 
sapecific j^ayity of air Titiated by respiration or combnstion,— -tlic 
two flTcat processes tliat detoriorate air in ordinary buildings, — 
is, under ordinary circumstances, less than that of common air ; it 
gives way accord ingly^ and is pressed upwards by the denser and 
purer air. Let im imagine, then, an apartment occupied (not 
inconYeniently crowded) by a number of persons standing^ on a 
p4>i*0us floor, and the roof taken off ; at ordinary temperatures, 
the air vitiated tliere by the human fi'ame requires no mechanical 
power to remove it. The siiperincnmbent pressure is diminished 
by the expansion indnccfl in the air as it is heated, but the ex- 
ternal atmosphere is permitted to have free access j below as well 
as above, to the porous floor. Its power, therefor**, preponde- 
rates, and an upward movement is the necessary consequence, 
whieh is accompanied by the int^ductiou of fresh air, and the 
removal of that which is vitiated. Here, then, is a species of 
natural ventilation. All that is essential is merely this, that 
the natural movements induced by the heat of the body shall not 
be stopped by nny barrier which may be opposed to them. An 
open roof and ceiling, however, is, iu the gi'eater number of 
climates, ina<lmissible. Protection is requii'cd fram the weather, 
independent of other an*angements ; the opening, accordingly, 
may be contracted, In proportion to the amount of contraction, 
the temperature of the air, and the numbers on a given spact^, it ' 
now becomes necessary to increase the velocity of the discharge 
tn»m the apartment referred to. To effect this, if a shaft or 
chimney he extended from any opening in or near tlie ceiling, 
the column of warm air, which soon fills it, increases its power, 
and, imlesH an extreme number of individuals be crowded in the 
apartment, the shaft is sufficient for all ordinary purposes. It 
acts at all times when the density of the iiir ^4thin is less 
than the density of the air without, and when this is not the case, 
it^ power can still be developed by kindling a lamp or fire, or 
merely by increasing the temperature of the aj>artnient for which 
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it is supplied, as any of these causes produces the necessary di- 
minution of density or rarefaction within, on which its f<Hrce 



177. If, however, it be proposed to use a mechanical power 
for the same purpose, machinery in the first place, more ot less 
simple, must be prepared. Power must be applied to the 
machinery by manual labour, by water, by a steam-engine, by 
a weight wound up from time to time, or in some other way, 
and however small the power actually required at any parti- 
cular moment may be, it is more liable to accident, and more 
skill is required to maintain it in action. A chimney, there- 
fore, from its extreme simplicity, and frt)m the comparatively 
trifling attendance which it requires, is always preferable in 
numerous situations, while it involves no severe and long-con- 
tinued manual labour, such as is apt to be neglected. Further, 
when properly finished at the top, the wind acts as a power, and, 
without any fire, often determines the ascent of air. 

178. A precise knowledge of the manner in which heat acts 
in determining a movement in the air is so important, and ex- 
plains so many phenomena of art and nature, that too much 
attention cannot be bestowed upon this subject till it is thorough- 
ly understood. The following illustrations will facilitate the 
study of these movements. 

179. Whenever a heated object is placed, as a candle, the 
air in contact with it (Fig. 31) immediately expands ; Fig. si. 
bulk for bulk accordingly, air near it, but not yet t f 
expanded, is pressed under the expanded portion, q.nd ^ 

a current is thus established towards the source of /A 
heat, which is sustained so long as any inequality of ''[ n \ 
temperature continues. 

180. In the same manner, the air around the human frame 
is always warmed and expanded as it comes in contact with the 
body, and, in this condition, an atmosphere at a mean tempera- 
ture, and not agitated by any wind, is usually elevated about 
five degrees in its temperature, as it rises and escapes above the 
head. 

181. If the candle be introduced into a tube (Fig. 32), 
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the current of air wliicli is thus established is more rapid in its 
ascent, unless the tube be extremely wide* The Fig.»3. 
warm mr^ not being so accessible to the cold ex- * 

temal air, a greater difference of temperature is 
established, which is accompanied by a correspond- 
ing difference of specific grarity and of relocity in 
tlie currents* 

182, If the tube be very narrow, the expanded air mthin 
It ia cooled still less quickly by the Bmrounding atmo- ^^&-^^*" 
sphere; it attains a highea* intensity of temperature; 
there is a greater amount of expansion, and a greater 
rapiditj of movement in the tube. (Fig. 33.) 

183, If two glass-tubes of equal size be connected 
together by a common base, the air in one limb may be 
said to counterbalance that in the other, each pressing against 
the other with the same amount of force, while botli, at their 
open extremities, are subject to ^^ 
the pressure of the external atmo- 
sphere* The extreme delicacy if 
the balance, howerer, is such, that 
the slightest impulse that may 
tend to disturb the equilibrium, 
whether chemical or mechanical, 
must immediately establish a cur- 
rent in ono direction or another through the tube, and cause the 
air to move from a to b^ or in the opposite direction. 

184, An inequality of height, as in Fig. 35, is often quite 
sufficient to determine a current, 
where none otherwise would take 
place^ when there is a gentle 
movement in the extenial atmt> 
sphere, the one limb being more 
affected than the other. 

185, If a candle be kindled 
in one limb of the tube (Fig. 36), 
the cold air descends by the 
other, and is warmed as it ascend?^ 



Fl(f, .IS. 



9G 



MOVEMENTS INDUCED IN AIR BY HEAT. 



current is maintained. In 

Fig. 86. 
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in the first, so that a continual 
this manner it will be observed, 
that a descending current at a 
can now be as efTectually main- 
tained as an ascending current 
at b, and such is the manner 
in which descending currents 
are usually induced, where heat 
alone is employed for this pur- 
pose. 

186. But if, while a current is in full motion from atoh, 
another candle be introduced into a, its tendency is to arrest 
the current, by inducing the same diminution of specific grayity 
in a that had formerly taken place Fig. 87 
in b. The circulation may then 
be entirely stopped ; or the candle 
in b may be overpowered by the 
larger candle a, the smoke and 
flame being forced down b, and 
onwards to b, as is indicated by 
Fig. 37. It is scarcely necessary 
to remark, that the longer the heat 
may have been communicated to one limb of the glass, the more 
steadily can the current be maintained in that direction. 

187. Similar movements are induced by fires kindled in mines, 
large apartments, chimneys, or under other circumstances, the 
eospanded warm air being always pressed upwards by any 
colder and denser air^ and the movement being more or less 
rapid, according to the difference of temperature and amount 
of eocpansion between the air that is heated and the cold air in 
contact with it 

188. Fig. 38 illustrates the manner in which the air cir- 
culates when heated in any shaft connected ^^^- ^®' 
with another, as in a coal-mine ; the air 
in both communicating freely with the at- 
mosphere. 

189. Fig. 39 shews the circulation so 
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long as any inequality of temperature is maintained in a confined 



atmosphere. 

Fig. 39. 



Fig. 40. 



Fig. 41. 








Fig. 42. 



190. Fig. 40. If air be heated in any apartment or chimney 
freely exposed to the external atmosphere, a central ascending 
current is established by the heavier cold air, which descends 
on every side. Such currents often counteract each other in 
narrow shafts to such an extent, by the production of local 
eddies, that the movement of the air is impeded, and the fire 
below extinguished, from a defective supply of fresh air. 

191. Fig. 41. Ka fire be kindled in a chimney open above 
and below, the air flows in with great rapidity. 

192. Fig. 42. In a common fire-place, much air passes 
above the fire as well as through the fuel to the 
chimney, and reduces the velocity of the current, 
moderating also the rapidity of the consumption 
of the fuel. 

193. Fig. 43. In a furnace where a high 
temperature is required, no air being admitted to 
the chimney except what passes through the fuel, 
the heat is more intense, and the combustion 
more rapid, than in a common fire. 

194. Fig. 44. If air be not supplied by the 
doors or windows of any apartment sufficient for 
the combustion of the fuel kindled in the chimney, 
a descending current is frequently observed in 
one part of the chimney, and an ascending cur- 
rent in another ; the room, consequently, is filled 
with smoke. 
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jtuppli^:^ be le^l in below or Dear the fire-place, the apartment 
i£ Df/t i^ubjected to those severe draughts that are often so 
ofi^en•^iTe in ordinary apartments. irhei>e the air is not introduced 
with diffusion. 

19G. Fig. 46. Warm air intro- 
duc<rd into any apartment is soon ex- 
pelled, if frwly subjected to the pres- 
sure r/f the external air from below the 
flor^r, and also allowed a suflBciently 
large escape at the ceiling. In such a 
l>Oftition. tlie air may be considered as 
in a wide expanded chimney. 

197. Fig. 47. The air, as it de- 
wrendh by a second chimney, is sometimes heated, by causing it 
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to coMM! in coutax^t with the iron frame-work of the grate before 
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it enters the apartment wluch it is to heat. The figure re- 
presents the cun'ents, according to the arrangementE adopted 
by Ml* Adams of Falkirk. 

108, Fig, 48 points ont the progresa of the air in a common 
ckle, pai^ escaping hy the chimney, while the pure air is con- 
reyetl where warm air is required, 

199, Figs, 49 and 50 present a view of the principal fiir- 



^^tf?.^jgg^v^ggJ 






Fiff, 5i). 



MJ 



.UJ^ 



nace and yentilating ajrangements connected witli a chimney in 
the centre of my Class-room, at Edinbnrgli; pai^t of them only 
can be worked at once, aU connexion with the others being then 
cut off by means of rfdves. The arrows indiciite the pro- 
fess of the air from the different openings to the central 
'Bbail. 

200. Fig, 61 is an enlarged view of one of the TentUatiug 

arrangements, shewn in the preceding figures, pointing out the 

aanneriin which noxious or offensive vapours arc carried aw^ay ; 

^the funies evolved, and the other phenomena observed, in con- 
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'•" mw^\\\fi «*l«f|»h««l, similar txi those made in the House of 
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Coiumrjas. It is not m complete, however, and tbe position of 
the fire-place in the air-sliaft. renders it less powerful. 

202. Again, if we look to the aii' as it escapes from any 
cliimney, it will be seen that it tends to form numerous wreaths 
or ringSj in consequence of the central portion being moved up- 
wards at a greater velocity than that which is extenial, the 

'tnotlon at the circumference being retarded by the friction of the 
chimney through which it riseSj as well as hy the external de- 
scending current formed by the cold air outside, which complete 
the movement necessary to the production of wreaths or rings, 
whose constitution is exceedingly sing-ular and interesting. (See 
Smoke). 

203. On the small scale, the movements induced in air by a 
.%'ai"iety of temperature, caii be shewn very beautifiilly by heat- 
ing the air in a lat'ge glasis shade or JM\ at^ter introducing va^ 
rious portions of phospborus, of different size^ and formg, and 
supiK*rting them within this shade or jar, at a height of one or 
two inches. Farther, if the air in the jar be heated to various 
temperatures before the experiments are made, by placing a 
lighted spmt-lamp in it^ from time to time> tor one or more 
minuteSj the rapidity of the motion of the current from the 
phosphorus is necessarily varied, and they can then be studied 
ynih much more facility, 

204* When air is projected rapidly from a chimney, the 
ascent of the interior warm portion, and the descent of the outer 
and colder portion, as mentioned above, necessarily leads to the 
formation of numerous m*eath& or rings ; aJid in all cases, even 
where coal-smoke, steam, or any vapour, is projected rapidly from 
a round aperture, it tends to produce a similar movement. A tin 
cone of the form shewn in Fig. 53, and covered with parchment at 
its base, if tilled with visible vapour, gives a beautiful succession 
of rings or wreaths, from apertures at the end and ^ides, every 
time it is struck like a ilnun. Thus, the rings from a smoking 
chimney-top, the rings of steam and of other vapours that are seen 
in numerous chemical experiments, the wreath that is formed 
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at the mouth of a cannon as it is fired, on which 
grease has been placed preyiously, and 
the rings that may be formed by open- 
ing any aperture from which steam is 
suddenly discharged, all arise from the 
cause adyerted to. And eyen in great 
explosions, as at the siege of Acre, 
when the magazine blew up, a similar 
wreath is reported to have been formed, 
and to haye risen to a great altitude in 
the air. 

205. In a yery calm and still atmo- 
sphere, and where the smoke is produced 
yery equally, instead of isolated wreaths, 
continuous ascending and descending 
laminsd of smoke may be seen, or figures 
approximating to those reprcsentedin Figs. 
54, 55, and 56. The study of the moye- 
ments of air, rendered visible in this 
manner by smoke, has thrown much light on many points con- 
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Fig. 56. 












nected with the nature and practice of ventilation, and many 
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[ic draughts and curix^nts that arc so frequently the sntject 
omplaint, and connected with similar movements of air. They 
often be easily traced when any tnmble may he taken to exar 
>Tie into the canscj a little smoke farmed neiir them indicating 
tidily the mode in which they proceed, 
206* When the wind is strong, a very small aperture, if 
Tcred in a suitable manner, is sufficient to discharge a rery con- 
i ^erable amount of air, as, when it sweeps past yarious ehimney- 
[t^^r^pg or cowls, it induces a void in the chimney-top or cfjwl to a 
JF^^rtain extent, il' it strike upon it in a pmper manner, and hence 
|t^e air from within tends to join the general cmrent of the ex- 

r carnal atmosphere. 
207» In the same manner, if a stream of air be discharged 
"^-itli great force in the interior of a chimney fi'om a small tube, 
it propels rapidly the air in the chimney, and is followed, when 
proper dimensions are used, by a powerfiil stream of air, assist- 
j^^g greatly the ordinary movements of the chimney, 
^f 208. Though the power of the wind may often be very use- ' 
fully employed as an adjunct io natural ventilation, in promot- 
ing the movement of air, its uncertain and ever- varying force, 
and at times its entire suspension duiing Ciilm weather, prevent 
it from being resorted -to, or, at least, depended upoii^ in uume- 
rous instances where the primary object is to secure at all times 
a determinate movement of air capable of being regiilatcd with 
accuracy as circumstances may require. There are, however, a 
great number of cases where such precision is not necessarj^ and 
where, accordingly, a careful and judicious attention to the aper- 
ture by which vitiated air is discharged into the external atmo- 
sphere presents a power which it is important to take advantage 
of, as a movement in the air is ranch more common than an abso- 
lute calm, or at least, an inclination of the air so gentle a^ to 
a?e no practical effect as a motive power. 

209. But the manner in which the wind strikes upon such 

iacharging apertures is so dependent, not only upon its force, but 

so upon the peculiar position in which they may be placed, in 

ipei't to the natm-al heights, levels, or valleys with wliich they 
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may be surrounded, and the varied currents, deflections, and U 
eddies that may be induced by adjoining buildings, high w^f^^ 
courts, lanes, and alleys, that the protected apertures which «^ 
sufficient in some places, are totally useless in others, f^ ^ 
more certainly the direct ingress of air is prevented on all side^^ 
when the wind is powerful, by numerous deflections, the les^ 
will be the danger of down-draught when sudden impetuous 
currents, constantly varying in their direction, beat upon these 
apertures. 

210. By elevating the discharge, when this is practicable, 
above all high walls in the vicinity, greater immunity is obtained 
from the action of local eddies. 

211. The influence of the wind upon any buildings is secured 
in the highest degree, when the aperture of ingress moves freely 
to the wind, so that it can enter these with the full force of the 
current, the aperture of egress being turned from the wind, so 
that, as it passes by, it shall act with the power of a pump in 
facilitating the discharge of air that may have entered by the first * 
aperture mentioned. 

212. A STREAM OF STEAM, introduced by a pipe from a 
boiler into any shaft or chimney, also operates in a similar man- 
ner by the mechanical impetus with which it impinges in the air, 
as well as by the elevation of temperature, and consequent ra- 
refaction which it induces. 

213. All these modes, and even the repulsion induced in the 
particles of the air by electric excitation, may be employed for 
determining movements in air, and some of them, as the action 
of steam in the chimney of the locomotive engine, are applied 
with great success ; but when natural ventilation is not assisted 
by the action of a fire or other sources of heat, mechanical means 
arc usually employed to promote it, where a more continuous 
and sustained equality of power is required than can be com- 
manded by the very variable currents which the external atmo- 
sphere presents. 

214. Among the mechanical means employed for the move- 
ment of air, the fan has been used from time immemorial; and. 
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VENTILATION BY FANNER. 



tity to come in contact with the face or the body generally i^^ * 
giyen time. 

Fig.M. 





216. Among the instruments that have been employed fof 
the purposes of ventilation, none has ^^^'^ '^^^ ^^• 

been so very generally used as the 

FAN, FANNER, Or BLOWER. This 

instrument, so well described by 
Desaguliers, has been made in a 
great variety of forms. Figs. 59, 
60, represent its more common form. 
In the plan, two of the blades are 
shewn, the air entering at the cen- 
tre (a) as the instrument is worked, 
and being discharged at the circum- 
ference 6, as is seen more particu- 
larly in the section. 

217. In Fig. 6 1 , a different form of the fanner is represented, 
the air entering freely on each side of the blades a a throughout 
their whole extent, while the air is discharged by its circumfe- 
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rencc throughout its whole extent. Fanners constructed in 
this manner arc Tcry powerful in discharging air. In Fig. -62, 
another riew of the same fanner is given ; the air is taken in at 
a and discharge at &. 
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218* If one side of the case within which the blades of the 



fanner are usually put be unscrewed^ and the 
other be entirely closed (Fig. 63) on turn- 
ing the fanner J if the number of reTolutions 
he considerable^ the air, as may be indicated 
by the movement induced in smoke produced 
near it, will bo seen to move in the direc- 
tion indicated by the arrows. 

219. Instead of plain blades, others of a 
curved form may be seen in some fimncrs 
(Fig, 64), while the form of the curve is also 
a matter of impoii-ancCj and is often varied 
according to the velocity with which the 
fanner is to be wi^rked, and the special pur- 
pose to which it is to be applied. 



Fig. ea. 
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220. If it be required to lead air into the centre of the fiui- 
ner for any special purpose, the external casing should be made 
air-tight, so that no air can pass to the centre except by the 
course indicated by the arrows, and being discharged subse- 
quently at the opposite side, air can be conveyed from the open 
orifice to any situation where it mjiy be required. (Fig. 65.) 

Fig. 64. Fig 65. 

b 





221. In all the forms of the faimer, it will be observed, that 
it receives air at the centre and discharges it at the circum- 
ference. Fanners arc made of all sizes, from' the little blower 
used according to Mr Clarke's patent for household fires, to the 
large and powerful instruments such as cannot be worked without 
a steam-engine. 

222. The larger the fanner, the greater the economy with 
which a given supply of air can be obtained. Small fanners, 
turned with great rapidity, as when they have from 1000 to 
2000 revolutions per minute, usually make a penetrating and 
oppressive noise. 

223. In using the fanner for ventilating purposes, it cannot 
be too particulai-ly recollected that quantity of air is the object, 
not velocity, except in situations where the small size of the' 
channels permitted renders it impossible to obtain the requisite 
quantity without great velocity. I have always found it most 
economical to use large fanners, moring with a comparatively 
slow velocity, and these have raried, in public buildings requiring 
a considerable supply of air, from ten to twenty feet in diameter. 

224. When the object is to produce a powerful blast of air, 
such as is required in an iron-foundry, very considerable velocity 
must be given to the fanner, which is made much smaller, and 
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to revolye from 600 to 1000 times per minute, producing, in 
this case, the noise which has been mentioned above. 



THE SCREW. 

225. In 1834, M. Motte received a prize for the application 
of the Archimedes screw as a substitute for the fanner ; it has 
since been extensively used in Belgium, and also introduced in 
other places. Several years ago, Mr Combe, engineer to Messrs 
Marshall of Leeds, introduced the double-threaded screw as a 
ventilating instrument in their extensive establishment, working 
it with a stesin-engine of six-horse power, and obtained very 
satisfactory results. At the same period, it is not a little 
singular, that another gentleman of the same name, M. Combes, 
in Belgium, devoted his investigations to the application of the 
screw in ventilating processes, and used in some of his experi- 
ments a form of screw similar to that employed by Mr Combe of 
Leeds, with whose invention and application of the screw he 
was as little acquainted as Mr Combe of Leeds was with the 
screw of M. Motte. When the ventilating arrangements of the 
Niger Expedition were in progress, I directed a model of a 
screw to be made, which was constructed accordingly, and pro- 
pelled the air forwards or back- 
wards according as it was worked ; 
but the limited time I had at my 
disposal at that period did not per- 
mit me to have it made so as to 
test its power with other instru- 
ments. Within a more recent 
period, a patent has been taken out 
in this country for the single-' 
threaded Archimedes screw, by Mr 
Day. 

226. So far as I have seen as 
yet, I am inclined to give a pre- 
ference to the screws used by Mr Combe of Leeds, and M. Combes 
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110 WINDMILL -VENTILATOR — ^PUMP AND BELLOWS. 

of Belgium, and others, in which two or more threads are used, 
as they are more equal in their action, and do not occupy so 
much space as the single-threaded screw. Fig. 66 shews one of 
the arrangements of this form of screw. 

THE WINDMILL VENTILATOR. 

227. It will be obyious, that, as the flat blades or vanes of a 
windmill are turned by the wind, so, if the wind be at rest, and 
the mill be put in motion by machinery, the ranes being left to 
rotate in the usual manner, they will move the air in contact with 
them. On this principle, various instruments have been con- 
structed very different in details, several of which I have employed 
with advantage. Instruments of this kind have also been in- 
vented and used by Mr Clarke, Mr Imray, and Mr Combe of 
Leeds. Figs. 73 and 74 shew the form and plan of one of the 
various windmill-ventilators that are at present the subject of 
experiment. The figures preceding it (67 and 68, 69 and 70, 
71 and 72) have been placed alongside of it, that those who 
have not attended previously to the construqtion and action of 
such instruments, may acquire a more precise idea of the manner 
in which they act, and the mode in which the air passes through 
them. It is scarcely necessary to add, that this must be con- 
sidered as a general illustration, as numerous little eddies or 
local currents are developed in all of them, according to the pro- 
portions followed in constructing them, and the velocity with 
which they are worked. For example, though the screw propels 
the air onwards, as indicated by the arrows, the movement is 
strongest at the circumference ; and, iat the centre, on the side 
where the air escapes from it, an eddy or current in the opposite 
direction may be traced. 

THE PUMP AND BELLOWS. 

228. Air-pumps and bellows have long been used for the pro- 
iLdon or extraction of air for ventilating purposes, and recently 
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the stream which they produce, affording great adrantages for 
ordinary purposes. 



229. On the whole, then, it may be concluded, — 

1. That, for a large proportion of ventilating purposes, the 
best mode of proceeding is to take advantage of the natural 
movements developed in the greater number of cases in vitiated 
air by heat for securing its discharge, assisting its exit by the force 
of such wind as may exist by the form given to the external 
aperture. 

2. Tliat when force is necessary to sustain a more uniform 
and determinate movement than can be secured in this manner, 
then, if the form of tlie structure admits of it, and particularly if 
a movement always on the ascent can be sustained, no power is 
so convenient and requires so little attention or management as 
a fire or heating power increasing the ordinary tendency of vi- 
tiated air to escape by the increased rarefaction which it induces. 

3. That manual labour and winding weights are apt to be ne- 
glected. 

4. That the use of instruments, such as screws, fanners, pumps, 
and windmill- ventilators, worked by steam-engines, should be re- 
sorted to only when the means referred to in the first two para- 
gi^aphs are not sufficient, or too expensive and complicated from 
peculiar circumstances that do not admit of the introduction of 
large and commodious channels for the ingress and egress of air. 

5. Where a mechanical power is introduced, the fanner, the 
screw, or the windmill-ventilator, are those which I should pre- 
fer for ventilation, the selection being made according to the 
form to which the instrument to be used must be adapted, the 
manner in which local circumstances render it necessary that the 
air shall pass to it or be conveyed from it, the area within which 
it must be constructed, and the amount which it may be con- 
sidered proper to expend upon it. As to the details of con- 
struction, the numerous individuals who have been experiment- 
ing on these instruments, and who are still occupied with them. 
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both at home and abroad, hold out the promise, that, in a short 
period a very great mass of interesting information will be ob- 
tained. Many of the statements made are extremely discordant. 
The fanner with curved blades, for instance, which has been so 
strongly recommended by some experimenters, is affirmed now 
by Peclet to be little, if at all, better than that with plain blades, 
the complexity of the movements often induced by the curves 
counteracting the advantages they otherwise present. In all 
the experiments which I have made upon fanners for ventilating 
purposes, the construction of which I had not arranged, and to 
which my attention had been directed, I have almost invariably 
found that they were too small to work economically. A very 
common error also is to suppose that a fanner is more powerM 
in its action in exhausting than in propelling air. A moment's 
consideration will shew that this is a mistake, as a fanner only ex- 
hausts what it does propel. If well made, then, its power of 
exhaustion and propulsion must necessarily be equal. The error 
has probably arisen from fanners having on some occasions been 
acting with the assistance of a current when they were exhaust- 
ing, and against the current when they were propelling ; or from 
some inequality in the size of the attached communications, 
which, from their magnitude, form, or structure, necessarily 
rendered the exhaustion and the propulsion unequal, the con- 
nections for the one purpose presenting obstacles which the other 
did not. 
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CHAPTER III. 



ELEMENTARY ILLUSTRATIONS OF VENTILATION. 



230. In the last chapter, several illustrations are giren wilih 
the yiew of shewing more particularly some of the yaned more- 
ments that may be induced in air by the action of heat, accord- 
ing to the circumstances under which it operates, and the me- 
chanical powers most arailable for yentilation, where neifher 
natural ventilation nor the application of artificial heat can be 
introduced. In this chapter, the elementary diagrams given are 
intended to explain some of the more common movements of air 
that require attention, such as are continually referred to in 
ventilating operations. In all these illustrations, the tempera- 
ture of the air is supposed to be below that of the human body 
(98°), where the reverse is not stated. 

231. The first figure refers to the movement of air yirithin any 
room or apartment, all communication with the external atmo- 
sphere by doors, ij^-indows, flues, chimneys, or any other channel, 
being supposed to be entirely prevented. 

232. Whenever any elevation of temperature is produced^ 

Fig. 75. Fig. 76. 





aa in a room with a candle in the centre, immediately a stream of 




CUHRENTB PRODUCED BY HEAT AND COLD 



115 



air ascends from it, and colder presses towards it from 
l^^l^ side. Fig, 75 shews the general progress of the currents 
UPbieed, looking to a section of the apartment. Fig. 76 indicat^^s 
^0 currents on plan. 

|te233. If a mass of ice be substituted for the candle, the cur- 

JPks are rerersed ; dr descends on every side from the cold ice, 

Fig, 77, and the currents on the fl(K>r run outwards. Fig. 78, 

Fig, 77, Figr. 7 3. 
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234. In each of these cases the currents above and below arc 
always observed in the opposite direction ; with the caudle they 
are towai*ds the centre on the floor, and from the centre at the 
eeiHng ; with the ice the movemeut is the reverse both above 
and below; 

235. All local sources of heat and cold tend iu variably to 
produce sinvilar effectSj though the cnrve described may be 
vwried indefimtely as the air is still, or subject to considerable 
fluctuation. 
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Fig. 81. 



inent such as the candle does. But if placed at one side, Fig^ 
79, the air wamied by it ascends on that side, and a correBpond- 
ing amount of air descends on the other side.' If a store te 
placed on either side, or a hot- water pipe be carried round the 
skirting board of any room, the movements then proceed as in 
Fig. 80, unless cold windows, walls, or doors, modify the moTC' 
ment. 

237. A number of people in the centre of any apartment, 
determine similar ascending currents from the centre which thej 
occupy. In a practical point of view, every individual affect^ 
the movement of air in the same manner as a stove ; and num^' 
bcrs, when aggregated in different places, produce an extrem^^ 
complexity of currents, sometimes reversing entirely the course^ "* 
of movement desired. 

238. A window in cold weather is always a source of descend- 
ing currents, as in Fig. 81, an 
ascending movement taking place 
on the opposite side. This descen- 
ding current is altogether inde- 
pendent of any influx of cold air 
that may or may not accompany 
it, according to the care with 
which it has been fixed. But 
even where the window has been 
rendered absolutely air-tight, it 
will be obvious, that, if the glass 

be maintained at a low temperature by the external atmosphere, 
the air in contact with it must become cold and dense, falling 
accordingly, and producing a continuously descending current, 
so long as the glass is colder than the rest of the apartment. 

239. If there be a general movement of air from one end of 
the room to another, determined by a fire or any other cause, 
the descending current is not always directly under the window, 
but more or less at one side, according to the inclination of the 
current. 

240. Such descending currents are a common source of dis- 
t and disease, particularly rheumatisms, colds, and in- 
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^animations, sometimes tcnninating in death. They should he 
stu<iioUisly avoided, by all who may bo apt to be exposed hi situ- 
ations whero they are likely to occur, a^ in halls and galleries, in 
ehurches or other places irith lai^ windows. The extent to which 
they prove a source of annoyance is extreme. No cause of com- 
plaint is more freqnent in public biuldingii, and in all situations 
where large windows are introduced, I have seen corridors where 
nearly a thousand square feet of glass were at a tenjpcrature be- 
low 32^, tliickly covered with hoar frost condensed on the interior 
surface J and pouring down a continuous stream of ice-cold air, 
while the general temperature of the rest of the corridor raried 
from 60== to 70''. 

241. When there hve windows on either side, as in a church, 
the cold air is precipitated on both sides, Fi^, 82. But when 

Fig. 63, 
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there is a large window or lantern in the ceiling, the currenti^ 
then take an opposite course, Fig. 83. Such lanterns have 
often proved very offensive in many law courts, the briefs of 
_, the barristers being literally covered at times with the condensed 
exhalations dropping froni the cold glass of the lantei'n, where 
proper arrangements have not been made for carr)ing them off. 
242* The evils arising from such descending currents may 
be partially overcome by the local introduction of warm air, when 
tliis is praeticahle, and much more effectually ohviatetl by double 
windows. It would proimldy be a source of permanent economy 
were all public buildings with large windows, and in daily use in 
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winter, provided in this manner; mnch less fnd would then be 
requisite to warm them in coldweather. Bat the expense will 
probably, in this conntrr, be a barrier to their general intro- 
duction, the winter not being so long, nor the cold so intense, as 
in those countries where they are almost nnirersally adopted. 
Where double windows are introduced, the fittings slionid be 
made absolutely close, as if any of the external atmosphere 
should reach to the interior window, or any of the air pass from 
the chamber between the windows into the apartment, the use 
of the double window will be greatly, if not entirely impaired. 
A very small interval between the windows is sufficient to pro- 
duce a groat effect, but the nearer they are to each other, the 
less the benefit derived from the double glazing. At Berlin I 
have seen houses where they had the opportunity of placing the 
windows at the distance of 18 inches firom each other, and I was 
assured that the practice was advantageous. But even where 
the window is provided with double panes of glass, the expense of 
double window frames being avoided, very marked relief is given. 

We now come to another series of illustrations, viz., to the 
movement of air in apartments in which the communication of 
the air in the interior of these apartments has not been cut oflf 
from the external atmosphere, these movements being, at the 
same time, dei)cndcnt on the relative gravity of the air, and 
imconnectcd with any impulse it might receive from any other 
cause, natural or artificial. 

243. It is necessary to premise, that in any apartment 
having any flue or aperture below, 
(Fig. 84), no movement whatso- 
ever ensues, if the temperature in 
that apartment be superior to 
that of the atmosphere below ; the 
successive strata or layers of air 
above tend to retain their relative 
iwsition. In the same manner, 
■f any opening be made in the 

ling of an apartment, the suc- 
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ire layers still remain in tlieir relatire position as they 

Diimbered, nti movement nor interchange takes place be^ 

^''^een them and the external atmosphere, if the mr, in this 

f (Fig. 85), be hearier, i e, colder, within the apartment 



Tig. 85, 
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in without it, and thei^ be no wind or other mechajiicaL cause 
I'fco i^tate the air. 

244. If, however, the opening he heUw (Fig. 86), but the 
j ^raperature of the air under the apartment higher^ then an 
interchange proceeds as the arrow indicates. A similar move- 
^ is induced (Fig. 87), when the aperture is above, if the 

Fig. 87- 
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temperatiii'c within be Itiglier than that of the external atmos- 



245. Again, if we look to doors and windows, similai' phe~ 
lincna may be traced. Fig. 88 shews an external atmo- 
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atfiiftfijpbifri! at CJO**, <?nH»ring and dLsplacing ^tirelT t&e ooldv 
ttir in ftfi ft[mrtjni5nt at fiO^ ; the dwir being open. 

24 't. Ajfain, in Fijf- 9(), the morements are gire© tJiai ciksoe 
|p*ftw<'4*ri an i^xt*?riial atmosjjhere at 50°3 enteriDg as open win* 



Fig. SI. 



AiW, (i»d (filin-ly djKplm^ing air at 

wami «lr i^rtlrniif^ liy a wiiidfiw at 
00", kaytiij;( tho lower j»art of tho 
riNMii »»llll full of air at 50*, while 

nit Iho vn\i\ nil' nlifAt* tln^ l^yel of 
th*i mII] *'!' *li<' window haf* been dis~ 

In mimuUmny^ the inovemeiit of air when fluctuationB of 

|ir<>«iiur<? oMKue, it m dnBirablo to boar in mind, tbat, in all venti- 
la* fiij( ojiCH'ationH, tlu^ aj>artinent ventilated must be supplied with 
air f^y a Tlenum^ by a Vacuum, or by a Mixed Movement. 

247. Plknom Ventilation (Fi^, 92), When air is blown 
into any apat'tmont by the force of the wind, or by any me- 
chiiriiaiJ jKJwer, it ih naid to be ventilated by a pfemtm move-* 
nmd or impulm ; and, when in this condition, it is fiOed to 
Hiich a!i extcnit with air, that not only all the appointed cban- 
nelw for tbt.^ i^gi'o^s of air, but also all crevices at doors and 



windows, and all ilucs or other apertures, discharge air exter- 
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naDy from the superfluity witliin* Tlie&e circumstances, and 
tti«: wrtainty of introfluciag, without mixture, the air that is 




consiiterod best, form tht* ng. sa. 

great pecuHiunty of iilenum 
^ntilatjon, which can be 
sustained only by the 
<^*nstant nm of machinery, ^ 
^ the influence of wind 
^f m general, too un- 
ceriain and unequal iu its 
%eratiou for this pui*pose, - 
*aoiigii its power is tm- 
^ti.<^ntly used ad?antage- 
**^^lyfor a plonimi iinpidse, 
*^«ii a more certaiu pro- 
'^^lon is not secured, 

248, Some imters baye recently advocated the opinion, that 

^ J^lenitm movement is adrantagcous, not only from the unity 

^ atmospliere which it devebpes in the apartment into wbich 

^ ia introduced, but also from the superior advantages whicli a 

^*^^^n^ atmo!?phere is supposed by them to possess over that 

^^Tiich is coniparatiTcly attenuated. The mere density of the 

^ir supplied in any ordiniwy building, cannot, howevePj I ap- 

\>rehend, be a matter of any real consetiuence, as whateyer 

^Jensity may be given to air by machinery, or in the leading 

n.ir-cliannel3 immediately attached to the pncnmatic macliino 

<?inployed, it is not practicable to communicate ajiy considerable 

increase of density in any apaitment at a reasonable expense, 

Bo long as communications with the external atmosphere by 

doors or otherwise are not placed on a rery diflerent footing 

from what they are at present ; nor, when the fluctuations of 

ilie barometer are so considerable from day to day, can it be 

fiUppose<l that any action less in intensity than what is conti- 

nnally prodnced by this cause, can be likely to exert any Tory 

i^n.^ible efl*eet« while, at the same time, it is not unfair to con- 
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elude, that the pressure which actuaUy obtains at the gu 
of the earth, must he considered the best for the maintenance < 
health and strength both of body and mind, 

249, Vacuum Ventilation. Fig, 93. This comprises 

cases of yentilation where the discharge is effected by the pre«-" 
sure of the external atmo- ^%» ®3, 

spheres, — ^not increased by any 
artificial mean»j but acting upon 
air within the apai^tment to be 
Tentilated, this air being of a 
density inferior to that of the 
external air, whether tlmt in- 
ferior density shall haye been 
deyeloped by expansion induced 
by heat, or by the exhausting 
power of machinery — of machi- 
nery which, if employed to blow 
in air, would have produced a 
plenum impulse, but which, being 
applied directly to the vitiated air to be extracted, is necessarily 
accompanied by a diminished density in the air upon wliicli it 
acts. 

250. A chimney is yentilated on this principle, the diminished 
pressure Eirising from the expansion of the air within it making 
it give way before the pressure of the extern al air. Aii' rnsbes 
into aU ordinary apartments only when thei*e is a want of re- 
sistance. If the air in them be not permitted to escape^ none 
can enter unless forced by the application of increased pres- 
sure. Vacuum Ventikition, or, as it is sometimes termed. 
Ventilation by the Vaamm Impulse, accordingly, inyolycs the 
necessity of a free discharge of air from the apartment yenti- 
latcd to such an extent, that wherever a jjoor, window, or other 
aperture shidl he opened, air is forced in there by tlie pres- 
sure of the external atmosphere. The accompanying figui*© 
(93) illttstratoe this variety of yentilation, and its more ge- 
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nerol adoption may be attributad to tbe comparatiTe sim- 
plicity and economy of the means by which it may be siis- 
taiued. 

251, In Mixed Ventilation, both the plenum and ?ar 
cmm morement may be traced ; the force of the air when it is 
^ixtroduccd being such a^ to prevent the action of offensive cm*- 
**^Ets at crevices or apertures, at doors or windows, while the 
lM)wer of the aperture, or dischai*giiig shait through which the 
^*^tiated air escapes, is superior to the duty it has to perform ; 

j ^*i its vicinity, therefore, there may be a tendency to exhauatj 
I Plough, at other places^ a plenum rather than a vacuum impulse 
^^Hay predominate, 

252. In considering these varieties of ventilation, it will be 
trident that the perfection to he aimed at is the maintenance 

^f mch an equal movement as shall give an ample supply of air, 
and that the ingress shall beiir such a proportion to the egress, 
that no offensive lateral currents shall be induced between one 
apartment and another. From the minute and delicate cir* 
turn stances that affect the e<iuiEhiium of atmospheric air, this 
k unattainable, with mathematical precision, in practice ; 
nevertlieless, it should be the constant aim of the ventilator to 
approximate to it as neai'ly as possible, according to the pecu- 
liai*ity of circumstances whicli he may have to meet, and the 
power of adjnstment placed at his disposal, 

25S- Those who advocate plenum ventilatioUj too frequently 
trust entirely to the machinery with which the air is supplied, 
\ioi\L for its introduction and subsequent expulsion. Few cir- 
cumstances contribute more to produce dissatisfaction in ven* 
t^ilatiug aiTangenients, than the want of a proper efficient chan- 
nel for the escape of vitiated air. Where this is not to be met 
with, fresh air may be blown into one room, but vitiated air 
from it too often passes into another. ' And if doors and 
windows be well closed, no discharge may then be accessible 
but by tlie chimney. But if tliis be at a low level, the fresh 
air blown in is more apt to escape than the vitiated air above. 
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The diffictdtr may I 

Imt that learea tihe apa itmcat i 



part hj op^i^ wiBdon 
t to ibe operstlcm of k 



currents, if tbe windoir be opcnaA nore tlian k ^kftolut^ly n&^ 
cessarr ; wliBe, in cn>wdt«d shuatSoiis, it expoaeB the apartme 
to olfaitif€ noi^^ aii*l tDore or kss« to llie usooiiti^lled iaflaenc 
of the ext^nal atmosphere . 

254. It may be c^mcludecl, then — 

I. That a discharge &t>ni the loftiest part of the bu 
be rentitated shoiUd always be prorided in the first instance, 
as to fiecuj^ the full force of those tiatural moTements that i 
sulScient for ordiDnry Tentilation. 

II, That means of increasing the force of uatura] Tentilation 
should be provided in all public or other apartments liable to be 
crowded with many persons, 

III, That where the above me^ms, and double doors, and other 
precautions, do not, from the constant ingress or egress, prevent 
current ^3 machinery should be introduced to sustain a suiHcient 
plenum movement to control them, and to supply the air 
may be intended to give^ without any intermixture from other 
sources. 

IV. That peculiarities of structure in the es:ternal atmosphei'^J^ 
and in the purposes to which the building to be ventilated may 
be applied, require, in many caseSj special modifications. 

y. That all apartments where the ingre86 of fresh air {^ 
dejieient^ ilmugh i^orjced b}/ powerful exhaxmting shafts j or where 
Hie egress is deficimit or vneertain, ^o^gh ventilate hgpower^ 
ful nuichmergy give unequal and unsatisfactory results. 



255, In arranging openings for the ingress and egress of ai 
the general direction of the wind, local impurities, and the in* 
fluence of adjoining buildings, require attention. It is a great 
point to he able to command the assistance of the external atmo- 
sphere either in determining the ingiTss or the egress of air, and 
to adjust necessary openings in such a manner that they shall 
nut be Buhjoat to down-draughts from surrounding buildings, when 
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tho ynnd strikes upon tlicm, and is reflected so as to oppose the 
in^ess or egress of air. 

256, It is equally important to supply pure air ftom an eli- 
gible source, free from the contaminating influence of drains^ of 
the surface of the street, of tlie smoke line in the Ticinity, and 
from any local source of impurity. 

257. Fig. 94 giyes a general illustration of mixed TcntilatioUj 
the valyes and apertures, a a, being set so that the wind shall 
supply abundance of air, by a plenum impulse through one, and 
also contribute to the discharge by favouring a vacuum impulse 
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ral effects produced by an easterly wind, the yalre being altered 
so as to secure this object. In both cases the air enters widi 
diffusion at h. 

259. Fig. 96. — A more simple arrangement for producing 
the same effect, as is represented in Fig. 90 ; ihe wind bemg 
from the west. 

260. Fig. 9 7 . — The same apartment, with the ralres arranged 
for an easterly wind. The two yalyes, c c, on the ridge, may 
be placed opposite each other. 

Fig. 98. 





261. Fig. 98. — The air is received by openings in the gable 
and under the roof. Diffusion is given by a deep dado. The 
air escapes by a central channel, and the discharge is regulated 
by a valve. 

262. Fig. 99. — Similar to 94, but the air is admitted by a 
flue in the wall, and more extensive diffusion is given by the floor. 
This prevents the roof from being so much exposed to the chill- 
ing influence of the external atmosphere. 

263. Fig. 100. — Similar to 94, but provided with a central 
table covered with perforated zinc, from which air passes to the 
centre of the apartment, without involving the necessity of using 
the floor. 

264. Fig. 101. — Illustration of a still more extended arrange- 
ment more particularly applicable to museums, galleries of art, 
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fhibitions, where the works exTiibited are sutjcct to injury 
auses that appear trifling at first, but whose continued 



Fig. lot, 
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operations renders them powerful, and where a crowd and a fre^ 
queni promonade necessarily subject them greatly to the alter- 
nate influence of dust and moisture. By the arrangement shewn 
"here, all dust is carried downwards at once by the descending 
current determined from a i>erforated floor, while the moisture 
of the hreath, the cai'honic acidj and also the exhalations from 
tlie body, are carried away-, in the usual manner, by the ceiling. 
It is scarcely necessary to remEtrk^ that the different fresh air 
chambers, b &, are made so as to communicate with each other, 
while from eee and dddd nothing but vitiated air is carried 
away. A power in the discharging shaft produced hy heat or 
machinery is desirable, according to the extent to which the rooms 
are crowded. 

265. Fig. 102. — An arrangement introduced into several 
schools and private i^ooms, by which fresh air is permitted to entei^ 
under the window. 

266. Fig. 103 shews the general progress of air from a per- 
forated zinc skirting board, freely supplied with air to a perfo- 
rated cornice, where it is discharged, the curve being infinitely 
varied, according to the peculiarities of each apartment. 
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267. Fig. 104 illustrates the imp<Hrtaiit position that in all 
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apartments proyided with low fire-places, there should be an 
abundant supply, not only for the fire-place, but also for that 
portion of the room which is aboYe it, a discharge being proyided 
at the cornice, or at some other conyenient site aboye the zone 
of respiration. 

Fig. 105. 
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268. Fig. 105 shews the progress of a current of air from 
the surface of the street, and from a drain adjoining a cellar, 
where, as it is yentilated by the door, the supply is necessarily 
taken where the air is of a yery bad quality, and loaded with 
putrescent emanations. 

269. Fig. 106. — General progress of offensiye air from un- 
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derground apartments, as kitchens, and numerous small work- 
shops or factories in streets, the air passing upwards and escap- 

Fig. lOfi. 
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ing by the pavement, to the annoyance of passengers, when not 
discharged by special flues. 

270. Fig. 107. — Scheme, shewing the movements of the air 
where two apartments are supplied from the same source, and 
discharge into the same channel. In all such cases, the means 
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of supply and discharge must be ample, otherwise the results 
aris unsatisfactory. 
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271. Fig. 108. — In any apartment crowded with people, if 
the ingress and egress of the air be unrestricted, the morement 
of the air is greater and greater the higher the temperature eom- 
municatcd to the air. The introduction of a lamp ander the 
yentilating aperture increases greatly its power of discharge, and 
produces, in an empty room, a similar effect. 

272. Fig. 109. — A gas-lamp, a candle, an oil-lamp, a Jet 
of steam, or a case or scries of pipes filled with steam or hot water, 
or a fire put into any fire-proof flue, shaft, or chimney, acts in a 
similar manner. 



Tif. 109. 
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273. Fig. 110. — Wlicre circumstances do not admit of the 
heat being applied with safety aboyo, the arrangement shewn 
in this figure may frequently be adopted with advantage. The 
position of the fire, lamp, or steam-pipe at «, is so far disadyan- 
tageous, in so much as there is a loss of power whcreyer it is ne- 
cessary to draw down heated air from the roof or ceiling of any 
apartment; but this, ingenoral, especially where a fireis tobe used, 
is not so important as the facility of attendance, and the great 
altitude of the warm chimney which is then so easily commanded. 

274. Fig. Ill shews the method of sustaining a descending 
current, an arrangement in opposition to the natural moyements 
of vitiated air, but nevertheless very important in peculiar cir- 
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nimstaiices, as with some lunatic pationtg^ and in some operations 
of art. Heat is commonly unstained in the slmft for this piir- 
pose* 
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275. Figv 1 12. — Three contiguous apartments connected for 
a temporary pm'pose, so that fresh aii- is supplied from a to &, 
diffused at h, and withdrawn by a powerful fire in e. 

276. Fig, 1 1 3. — Another arrangement by which one room c, 
not used for any other purpose, is made, with the assistance of 
a common fire, to ventilate another room h. 



Flff^llS. 



277. Fig. 1 14, — When a door or passage t% is the only means 
of supply for a large fire in another room, this fire often draws 
air from any adjoining apartment d, which then smokes offen- 
sively, and, in calm weather, air often escapes firom the cliim- 
ney d, dar^ting at once down to d, through the external atmo- 
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sphere, the air entering at a, being, in this manner, ultimately 
eonreyed to e. 



Fig. 114. 
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278. Fig. 115. — Nothing is so common a cause of smoke as 
an insufficiency in the amount of air jpig. 115. 

supplied to any apartment, as to a, ^-j^ 

when it draws upon the staircase d, ^\^ 

and if it be provided witli an air-tight 
external door, it is supplied by c ; but 
if c also be destitute of any proper 
source of supply, air descends to it 
through the chimney 6, and, if the at- 
mosphere be calm, or if the wind blow 
in the direction indicated by the up- 
per arrow, then the smoke from a may 
be seen passing to 6, forming, in this 
manner, a complete circle. It is evident also, that, under these 
circumstances, a small fire in c will be overpowered by a large 
fire in a. 
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Figs. 119 and 120 shew the position of the B^rew, if hen era- 
ployed in parallel circumstances. 
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282. Fig. 121, Circular moveable, or rotatory Tentilators, 

as they are termed, are often placed in 
windows. They act well in so far as they 
diBtribote the air that pasBCS through 
them, instead of permitting it to move 
offensively in a less divided stream. In 
other respecta they are of littlo or no 
value* When extremely small^ they ra- 
ther impede than assist the free progress 
of the air that passes through the space they occupy ^ by the for 
required for turning them. Further, they will be found in 
general rather to act as sources of supply for the ingress of fr^Ii^ 
than for the egress of vitiated air, 

283* Glass lonvres in a window are certainly very convenieii 
in giving a supply of air, some- 
what in the same manner as the 
rotatory ventilator, while they 
are free from noise. Their 
tendency to admit fresh air, or 
to dischai'ge vitiated air, is ne- 
cessarily greatly influenced by 
the circumstances under which 
they are exposed. Air may 
^ass directly from them to the 



Fi^, us. 




itimoy^ as is represented in the figure ; or air may enter by the 
lower |iart of the ImnTe and escape hy the upper [>ai*t, or vice 
'^mrsa., when the chimney is not in operation, Their greater 

&ixG renders tliem in general much more edectiye than the small 

rotatory ventilator. 

284. Fig. 123.— A chim- 
ney supplied with air from a 
ehatincl so near it, that little 
or none of the aii^ by which it 
is fed is drawn across the 
apartment to the fire, leaves 
the apartment free from many 
cf those draughts and currents 
that are common to aJI ordi- 
nary rooms with tires, and 
which pass in general between 
the window and the fire-placej or the door and tlie lire-plaee, 

285. Fig. 124.^ — ^A flue in powerful action frequently draws 
down ritiated aii^ from any aperture in the ceiling intended for 
its escape, in the same manner as may he oh served witli the 
glass louvre, 

236. Fig. 125,^If the ventilator he in powerful action, it 
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may oyercome the cUmney and draw air bcm it, if there be no 
sufficient ingress for the supply of both. 

287. Figs. 126 and 127 indicate the progress of warm air 
admitted into any room haying only an imperfect discharge near 
the floor, the hot air at once advancing to the ceiling, and a pcn-- 
tion below escaping at b, as each successiye portion, direct from 
the heating surface, reaches the ceiling. The temperature there 
may be yery considerable, while severe cold prevails below. The 
successiye numbers indicate the successive portions of air which 
have descended from the ceiling. 

Fig. 126. Pig. 127. 
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Fig. 128. 



288. Fig. 128 indicates the movements of air in a public 
office, where different individuals suflfered considerably from the 
state of the atmosphere. The 
fresh and warm air was ad- 
mitted at a, and escaped, al- 
most immediately, at &, pro- 
ducing little effect upon the 
rest of the apartment. A 
cold window at e proved at the 
same time a cause of great 
annoyance, cold air descend- 
ing from it upon those who 
were below, while a very imperfect and sluggish circulation 
ensued, as indicated by the arrows. 
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289. Fig. 129, — Two apartments connected together by a 

Fig. 139. 



je> and m situated that wlien air pa.sses into one a^ the 
being easterly, it receives tlie iirst impression of the fresh 
air, and nothing but an atmosphere of rery inferior quality passes 
into the other <j by the passage h i hut when the wind is in a 
different position, viz. westerly, the condition of these two 
apiirtnients ia entirely altered, the fresh air now entering first 
into the apartment wliich previously received the vitiated air, 
BO that, as the wind changes, they alternately receive fresh or 
vitiated air. The passage at h is omitted, that the progress 
of the currents may be more distinctly seen, 

290. Fig. 130 shews the ordinary progress of air in a 
sick ch amber j fresh air entering as usual at the minute open- 
ings above and below the door, 
and passing onwards along 
the floor to the fire, while the 
patient, resting at a higher 
level, derives little or no bene- ' 
fit from the movement, being 
stUl enveloped in the wanner 
atmosphere, charged with wa- ^ 
tery vapour and carbonic acid, 
and frequently passing in consequence a restless night, when he 
might otherwise enjoy a refreshing sleep* 
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291. Fig. 131.— This re- «»i"- 
presents a single apartment in 
an attic, where a patient, resting 
on some straw, was subjected to 
the influence of cold descending 
currents, both from the window 
and the door. The illustration 
was taken from a miserable atiic 
in one of the poorest houses of 
the Canongate in Edinburgh. 

292. Fig. 132 shews a yery common arrangement, by which 
patients suffer from the precipitation of cold air, particularlj 
should they bo asleep at the time, and under the influence of a 
sudorific ; this downward moyemcnt of the air may be strongly 
induced, by cold glass, though absolutely air-tight. See 238. 

Fig. 182. Fig. 188. 





293. Fig. 133. — This figure points out the manner in which 
some places are continually subjected to a return of the same 
atmosphere, there being no openings permitted either for the 
ingress of the fresh or the egress of the vitiated air. The hot 
apparatus maintains a perpetual movement, the some air return- 
ing indefinitely to the warm apparatus. Such a mode of pro- 
ceeding may be very economical and ver^ desirable, so long as 
the apartment is unoccupied, with the view of heating both the 
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air Mid the walls ; but it ought to be discontinued and fresh air 
permitted to en tor at ono aperture, wMle tho Titiated air is dis- 
charged by another, whenever it begins to be occupied. 

294. Fig* 134, — This figure illa&trates another vmety of 
bad Tontilatiou, which is Tery 
commonly met mth in nume- 
rous situiitious, I have no- 
ticed it particularly in some 
churches and hospitals, where 
tbero may be a considerable 
aj>ertu.re_ betTreen the ceiling 
and the roof, though, after the 
vitiated air may have passed the 
ceiling, there are no means for 
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enabling it to escape from the roof; it returas, accordingly, on 
one side or other, as accidental circumstances may determine. 
295. Fig. 135 shews the plan, and Figs, 136 and 137 the 



Fig. 135. 
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longitudinal and transverse section of a Irn^gc apartment under 
th^ Assembly Eooms, Edinburgh, which was fitted up in a 
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temporary manner as an oxihydrogen microscope and polari- 
scopc-room, during the exhibition of arts and manufactures. The 
fresh air was taken from the external atmosphere at a, entered 
the room diffusively on three sides at by by b, and was discharged 
by a mechanical power worked by hand-labour at a, the vitiated 
air proceeding throughout the whole extent of the deep porous 
cornice c, c, c to a:. These arrangements were completed in a 
few days from the time when they were commenced, and gave 
accommodation to crowded audiences, which continually suc- 
ceeded each other throughout the day during the progress of 
the exhibition, consisting of, in general, from six to eight hun- 
dred persons. 

296: These illustrations will enable the beginner to study 
some of the more important points connected with the morement 
of the air in different rcntilating operations. He must bear in 
mind, howcTcr, that the moyements of the air are much more 
complex in actual practice than haye been represented. The 
object in this chapter has not been to enter into extreme details, 
but rather to point to results, and after these have been ren- 
dered familiar by frequent examination, he should endearour to 
trace the currents that are produced in different apartments, and 
verify them by his own obserration. This is most easily effected 
by using an exceedingly minute thread, which is inclined in any 
direction by the slightest morement in the atmosphere, or by 
producing a little smoke with a very small coil of brown paper, 
taking care to use no more than is absolutely necessary, so that 
any error from the heat of the paper may be reduced as much as 
possible. 
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GENERAL REMARKS ON GASES, 



297. Extreme mobility, comprcesibility, and elasticity, form 
the great and leading meclianical properties by which Atmo- 
spheric Air and other gases are distinguished. 

298. Though not perceptible in general, they possess, equally 
with solids and liquids^ all the essential properties of matter, 
while their extreme tenuity renders them susceptible of the most 
delicate impulse. No balance is so nicely adjusted as the pres- 
sure of one portion of air upon another. In a pci*fect calm, 
aerial bodies may rest quiescent upon each other, but the most 
trifling possible impulse, or change of specific gravity induced by 

^ heat or pressure , is immediately accompanied by motion, and the 
Iproduction of endless varieties of currents, or eddies, whose course 
is perpetually modiiied by the circumstances under which they 
are produced. Practically speakingj the air is scarcely ever ab- 
solutely quiescent on any part of the surface of the globe, though, 
in particular regions, at certain periods of the year, it may be 
cousidered comparatively at rest* The most frequent changes 
are obserred in those distriGt3 where the alterations of land and 
water, hill and dale, and other causes, faTOur the production of 
iineiiual temperatures. 

299* Natural and ai'tificial ventilation depend upon the ex- 
treme mobility of the air, and accordingly, every power or agent 
timt can induce any movement in air, may be rendered available 
for the purpose of ventilation* The particles of air, all over the 
(lobe may be regai*ded as pressing on each other t^ a certain 
>xt€ni^ and perpetually tending to attain a quiescent position* 
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wWcli would ultimatcl? terminate in a silent and death-Ulte call 
were it not prevented by tlie inequality of temperature induced 
at different parts of the earth's surface hy the action of the mriy 
Tegetation, animal life, and hy volcanic and other sources of che- 
mical and mechanical changes, particularly electricity, 

300, The pressure which air or gases of any kind exert at tl 
surface of the earth arises from their weight. The human frai 
and all other objects there, are subjected to the pressure of the 
superincumbent atmosphere in the same manner as a diver at 
the bottom of the sea is subjected to the weight of the column 
of water above him* We live at the bottom of an aerial ocean. 

301, This pressure varies at different times, as indicated hy 
the barometer. The aerial ocean or atmosphere is subjected to 
currents, and its height to fluctuations, in the same manner as 
the waters of the globe. 

302, The atmosphere, at the level of the occ^n, according to 
tlie standai'd commonly adopted, presses on the different surfaces 
mentioned with a force equal to the weights indicated below 



he- 






On one flqn^re meb, with a weight of 

On one square foot, 

On one aqtuir* yurd, ... 

On QTie square mile, . . * . * * 



14.6 lbs. 
2102,4 ... 

139S1.6 ... or8.45 toQs. 
36166000,00 tana. 



303* ETery part of a still atmosphere is in eqnilihrio, eaci 
paiiicle bein^ equally pressed in every direction, and ere 
body existing in that atmosphere is pressed on all sides with i 
weight of 14.6 pounds on every square inch at the surface of i 
earth, the thermometer being at 60", and the mercury in th^ 
barometer at 30 inches. 

304. In ascending from the surface of the earth, the preasi] 
diminishes, and also the density of the air. In the more cle 
vated regions of the atmosphere, the tenuity of the air must 
extreme. If the air were all of eqnal density with that at th 
surface of the earth, or homogeneons throughout its whole exten^ 
an attitude of 27,460 feet (upwards of five miles) would be : 
quired to pi'oduce a pressure of 14.6 pounds on a square inch. 
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305, In the same manner as any body is pressed upon by the 
air, go is any giTen yolume of the air, pressed upon at the surface 
of the earth, and air wliich would occupy a great volume, if suh- 
jeet to no pressure, is compressed into much smaller hulk by the 
superincumbent weight of air according to the amount above it. 
To what extent the air at the siu*face of the globe would expand, 
if relieved entirely from pressure, or to what degree of tenuity 
it is reduced at the top of the atmosphere, supposing its altitude 
to be finite, has uot yet perhaps been satisfactorily demonstrat- 
ed ; but in the air-pump it is reduced, with facility, to a degi*ee 
of tenuity not amounting to one-tliousaudth part of the density 
of ordinary air, and so regular is the diminution in the density 
of the air, as it is elevated above the surface of the earth, that the 
altitude of any locality above the surfju?e may be estimated by 
eKamining the density of the air therej with the aid of a baros- 
meter* 

306. The weight of a given bulk of air, its density or specific 
gravity, and the pressure it exerts on a given surface, or its 
elastic force^ are all dependent on one and the same cause, via. 
the mass of air contained within a friven area at a fixed and de* 
finite temperature ; and accordin^^fly, tables are constnicted, 
shewing the correspondence between the density and the pres- 
sure of the air. 

307. The following iUnstrations will assist those who may not 
previously have attended to this subject, in obtaining a more pre- 
cise knowledge of the weight and pressure of the air. 

308. The weight of a cubic foot of air is 535.88 grains = 
0.076554 lbs., and there axe 13.06 cubic feet in lib,, aud 
29,260 cubic feet in 1 ton. 

309. If the number of cubic feet in any given space be divided 
by 13*06, the quotient will be the weight of air, in that space, 
in lbs. Or, if the number of cubic feet be divided by 29,260, 
the quotient will be the uuraher of tons. 

310. The- volume of 1 lb. of air is 22,570 cubic inches ; there- 
fore the volume of 14.6 lbs. is about 329,522 cubic inches, or 
equal to the bulk of a column having an area of 1 squai^e inch 
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for its base, and a height of 329,552 inches, or 27460 feet. 
Consequently, the height of a column of air standing on 1 square 
inch, and pressing upon it with a weight of 14.6 lbs., is 27,460 
feet, or rather upwards of 5 miles. 

311. If London be assumed to coyer a snrfiice of 20 square 
miles, the weight of the superincumbent atmosphere on it amounts 
to 523,320,000 tons, or is equal in weight to a ball of lead of 
2073 feet, or more than one-third of a mile in diameter. • 

312. If the diameter of the earth be assumed to be 8000 
miles, its surface will be about 200,000,000 square miles, 
and will be pressed by the atmosphere with a weight of 
5,260,000,000,000,000 tons ; hence it may be calculated that 
the total weight of the atmosphere equals that of a ball of lead 
of about 317,000 feet, or nearly 60 miles in diameter. 

313. In a room 12 feet square and 12 feet high, there are 
1728 cubic feet of air, weighing 132.3 pounds. 

314. In a room 20 feet by 15 feet and 12 feet high, there 
are 3600 cubic feet of ak*, weighing 275.6 pounds. 

315. In a church 80 feet by 50 feet and 40 feet high, there 
are 160,000 cubic feet of air, weighing nearly 5i tons. 

316. Westminster Hall is 238 feet long, 67 feet broad, and 
the area of the floor is therefore 15,946 square feet. The side 
walls are 44 feet high, and the height to the apex of the roof is 
90 feet ; the cubic contents are therefore 1,068,382 feet. There 
are, therefore, 36i tons of air in Westminster Hall. 

317. If 20 square feet be taken as the external surface of the 
human body, the force with which the air presses pn it is equal 
to 18.77 tons. 

3 1 8 . G ASSES are pre-eminently elastic and compressible. Their 
elasticity is so perfect that it never is diminished by any mecha- 
nical force, though their volume may be diminished. An ordi- 
nary metallic spring may, in the course of time, lose its temper ; 
but air never loses its elasticity or compressibility, however fre- 
quently it may have been compressed, and always acquires its 
original volume in full when the compressing power is withdrawn. 
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31 9, Gases, in a cliomical point of view, bear the f^amo relation 
to liquids and fsolidB, into wbich they are considered capable of 
being changed by cold ar pressure, though all of thom have not yet 
been subjected to such changeSj as steam bears to water and ice. 
The air may therefore be considered as the steam of a solid, winch 
has been melted and subsequently converted Into vapour ; thirst 
vapoui* being produced at a boiling point so low tliat all ordina!*y 
temperatures at the surface of the globe are above that boiling 
point. Or, according to the views now generally entei'tained, 
the air may more correctly be termed a mixture of two gases, all 
gases being regarded as essentially similar t<i vapours produced 
by the action of heat on solids or liquids. The oxygen and nitro- 
gen gaees of which it is composed would unqnestionahly, so far 
ag any opinion can he formed on this point, he condensed into 
liquids or solids by an extreme reduction of temper atin^e* 



320. DtFFrjsrON op Ga.ses.^ — Gases, like solids and liquids, 
are capable of an endlesa variety of cbangeSj according' to the 
combinations into which they may enter, or the decompositions 
which the compound gases undergo. 

321. The discovery of the DiFFUSTOx of Gases is one of 
the most unexpected and interesting results of modern science, 
and has shewn them to possess a peculiar property of extreme 
importance to the animal economy, and equally powerful in regu- 
lating the state of the atmosphere at the surface of the earth. 
Till it was pointed out by Dalton, whose observations have been 
sustained and extended by many able chemists, particularly Pro- 
fessor Graham, no one expected that a light gas and a heavy ga-? 
would mingle together in opposition to their natural gravities j 
where no chemical action ensued between them. It is now, how- 
efvear, aatisfactorily proved, that all ga^es tend to diffuse them- 
selves throHf^h each other ^ even where no eomhhuttion enmt^s^ 
with a rapidity varjdng according to the density of the gases 
placed in contact. 

322. Light gases even descend, and heavy gases ascend, though 
^©0 means of communication ai-e affiirded, except through a capil- 
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lary tube, and a rery considerable torce is exerted ty the gases 
as they mingle, 

323. In the dififusjon of gases, it is found tliat the Tolimie of 
any gaa which escapes into another in a given time hears a ce 
tain ratio to its density, and eai?h gas is therefore said to ha?^ 
its dt^imtm Viylume, a quantity proportional to the velocity wit 
which that gas would flow into a yacuum * 

324. If any Yolume of two different gases be brought into 
communication with each other, each gas expands into a bulk 
equal to the snm of the two volumes j but without any change of 
tmnperature^ and the result is a homogeneons mixture of the two 
gases» any portion of the mixture containing the two gases in the 
proportions of their original volumes i 

325. The velocities with which the same gaa penetrates int 
different gases, depends on the densities of these gases. Thus, 
atmospheric air diffuses itself into hydi*ogen more quickly than 
into carbonic acid gas, and hence it would appear that different 
gases afford, as it werej different degrees of vacunm to other gases, 
aftecting the velocity of diffusionj hut not the ultimate amonot, 
Dalton considered that gases tend to pass or diffuse themselves 
through each other, in the same manner, in some respects, 
they would pass into a vacuum. 

326. In consequence of this power of diffusion^ no gases can 
ever remain for any length of time at the surface of the earth, 
however heavy. The poisonous cai'honic acid evolved by respi- 
ration, combustion, and numerous other natui'al operations steals 
insensibly into the superincumbent air, and has been detected 



* The quantity lb iayer&elj proportional to the squiife rimt of its density- 
ThuB, if certain gaaos were selectoi having the relative densities expressed hy the 
numbei'B 1^4, 9^ £5, tbeir dii^filve yolume^^ or the volumea of each that would 
pass into atiy other g^ in a given time, would he in the prupartion of I^ i, ^, ^ ; 
or, if one gas had four times the density of anotlier, the denser gaa would require 
twice the time to diffUse itself in equal voJnme with the rarer^ Tf one gas hiid 
twenty-five times tbodflosity of aiiothert it would reqait^e five times the time j— 
the times necessity for the difi'iislon of equid quantities being proportional to the 
(Square roots of the densities^ and the volumes diffusi^d in equal times beini^ In- 
Tereely proportioniU to tbe square roots o/f tbe densltiev. 
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nt the giTatest altitude whieli man hoM hitherto attained. All 
ga^QS ccmtaiu rainable prt)portioiis of aiiy ga^es or vapours that 
may liaye been brought into coutact with theui, or with any solid 
or liquid surface from which they may be exhaled, 

327. In some circumstanees, a perpetual power of exchange 
in main tallied between different gaseous mixtures, as in the pro- 
cess of respiration, wherej as Professor Grab am has remarked j 
the carbonic acid in the minute air*cells in the Inngs darts by a 
ditfiisiTO action from them into the bronchial vessols, from which 
it 18 expelled diuing the process of expiration. At the same 
moment, oxygen passes from the air that had been inspired to 
the minute cells. Without this process of diifusion, the noxious 
carbonic acid might pa^s and repass indefinitely in the more 
minute vessels of the lungs without being conyeyed to the external 
atmosphere. 

328, Again, numerous solids are sufficiently porous topennit 
the passage of gases by this process, and eyen the whole body is 
considered to be capable of being penetrated by gases. Hence 
also the extreme importance of porouB clothing, which permits 
the diffusive action of gaseous exhalations at the surface of the 
body to escape with facility ; whereas, when the gases exhaled 
from the pores of the skin stagnate around the surface of the 
body, their discharge by diffusion is speedily arrested. 



329. Absorption or Gaseous Condensation of Gases by 
fmrous solids. — Independent of those changes that occur where 
ga&esare liquefied or solidified, by direct chemical combinations, 
they are capal)le of being condensed in lai'ge proportion by various 
fiuhstanceg, without undergoing a change of form^ and of acquiring 
in many cases a power of action from tliis cause which they had 
not previously possessed. Thus many metals in fine powder ab- 
sorb large ijuan titles of oxygen ; chai'coal can absorb about 90 
times its bulk of ammonia ; and soils, according to their texture, 
also absorb this and other substances from the air which contri- 
bute es^sentiaUy to the growth of vegetables* 

;i30. It may be stated generally, therefore^ that gases at the 
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surface of the earth are continually subject to two antagonistic 
powers — diffusion and absorption ; the former perpetually tend- 
ing to prerent the undue accumulation in a giren place of any 
particular material, and the latter to condense it in situa- 
tions to which it may be wafted by the winds, and where it may 
be applied advantageously, particularly through the ag^cy of the 
material by which it is condensed. And as the gases condensed 
in this manner still retain their gaseous condition, being reduced 
neither to the liquid nor to the solid form, the term gaseous con- 
densation is employed to indicate this circumstance. 

331. The great tenuity of gases may be seen at once by con- 
trasting their weight with that of equal bulks of water and pll^- 
tinum, the former constituting the ordinary standard of compa- 
rison, and the latter the heaviest body known. 

Table of Weiohts and VoLuifES op various bodies at thk 
Temperature of 60°. Barometer 30°. 



Namb. 


Specific Gmvity. 


Weight of 1 cubic 
inch in grains. 


Volume of 1 grain 
in cubic inches. 


Hydrogen Gas, . . 


0.0689 


0.021370 


46.8000 


Nitrogen Gas, . . 


0.0785 


0.303460 


3.2953 


Atmospheric Air, . 


1.0000 


0.310117 


3.2246 


Oxygen Gas, . . 


1.10i>5 


0.341900 


2.0248 


Carbonic Acid Gas, 


1.5240 


0.472830 


2.1149 


Watery Vapour,* . 


0.0115 


0.003566 


280.0000 


Water, .... 


814.0800 


252.460000 


0.00396 


Platinum, . . . 


17,503.0000 


5428.000000 


0.000184 




Weight of 1 cubic 


Volume of 1 lb. in 


Volume of 1 ton 


Hydrogen Gas, . . 


foot in grains. 


cubic feet. 


in cubic feet. 


36.927 


189.56 


424,600. 


Nitrogen Gas, . . 


524.380 


13.35 


29,900. 


Atmospheric Air, . 


535.880 


13.06 


29,260. 


Oxygen Gas, . . 


590.800 


11.85 


26,640. 


Carbonic Acid Gas, 


817.050 


8.57 


19,190. 


Watery Vapour, 


6.170 


1134.00 


2,540,000. 


Water, .... 


62.32 lbs 


27.727 cub. ins. 


36. 


Platinum, . . . 


1340.00 ... 


1.200 ... 


1.67 



* Thin and attenuated vapour, snch as exists at the temperature of (Uf, 
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CHAPTER V. 

EXPLANATORY NOTES ON ATMOSPHERIC AIR. 

332. The history of yentilation throughout the whole of this 
work, consisting essentially of an enquiry into the action of the 
air upon the human frame, and the means by which its due in- 
fluence may be eflfectually sustained, the remarks on air, in 
this chapter, are confined to some brief notes on the more pro- 
minent circumstances connected with this subject, with which 
the reader should render himself familiar. 

333. The atmosphere being the great aerial ocean into which 
all gases, rapours, and bbdies held in solution or suspension by 
them, ultimately pass, its precise composition is necessarily ex- 
tremely complicated and very various in some respects, according 
to the locality in which it may be examined, and the state of 
the weather at the moment. The emanations produced by 
local causes, however powerful in their influence, form an 
amount so exceedingly minute, compared with the mass of 
the atmosphere, except in very peculiar situations, that their 
proportion, and in numerous cases their nature, has not been 
ascertained. In particular places, where impurities are evolved, 
they may be in some cases so concentrated as to constitute 
the greater, if not the whole of the specimen examined, and 
the amount of carbonic acid conveyed to the atmosphere in a 
given time, and removed again, may be considerable, compara- 
tively speaking ; still, however, the amount of impurity in atmo- 
spheric air, forms in general but a minute per-centage of the 
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mass, the carbonic acid, which exceeds largely all other impiL-^"^^ 
ties, varying on an average from three to six parts in ten th>^^ 
sand. — (Saussiire). 

334. Weight of Air. — According to the elaborate experi- 
ments of Dr Prout, 100 cubic inches of atmospheric air, deprived 
of watery vapour and carbonic acid, weigh 31.0117 grs. 

335. Density of Air at different altitudes. — The 
air is found to be less and less dense as it is examined at greater 
and greater altitudes. A cubic foot of air at the surface of the 
sea expands to two cubic feet at an altitude under three miles, 
and to four cubic feet at an altitude under five and a -half miles, 
80 that air may be said to have one-half and one-quarter its 
density at the surface of the sea, when conveyed to these respec- 
tive altitudes. The diminution of density proceeds progres- 
sively with the altitude. Were air equally dense at all altitudes, 
its pressure at the surface of the globe indicates that its height 
would then be nearly five and a quarter miles. But from the pro- 
gressive diminution of density at each successive altitude, its height 
is very much greater. A height of forty-five miles has been sup- 
posed to form the extreme limit of the atmosphere of the earth ; 
but, according to ptlier views, the air extends to an infinitely 
greater altitude, but of an extreme tenuity, which it is difficult, if 
not impossible, at first to appreciate distinctly, though it may be 
expressed by figures. 

336. Winds and Currents. — Every cause that alters the 
density of the air, disturbs the equilibrium of the atmosphere, 

' and draughts or currents immediately ensue, these being the na- 
tural sequence of the local action of heat, or of any mechanical 
impulse communicated to the air. For, if the air be in equilibrio, 
and any portion be expended by heat, it no longer resists the 
denser atmosphere around it, and currents set in upon it in 
every direction, and press it upwards. If, however, it be con- 
densed by cold, it then presses outwards on every side; the 
course of the currents is reversed. The great aerial currents that 
•culate between the poles and the equator, the trade winds. 
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, ^^ Boa and land breo^e» and tlie locaJ currents that ai^e observed 
^ t'Vcrjf district wbere they arc raoditied hy poculiar causes, owe 
^^^nv arigiii in general to rariations of density dependent on 
I'luiations of temperature. Electricity and other causes may 
pr^KJuce wind or fluctuations in w^vml currents^ hut no cause so 
g'euerally effcctji inovcincnts of the air, whether in the great phe- 
nomena of nature, the processes of art, or in tlie habitations of 
menj as changes of density dependent on alterations of tenipera- 
tnre* When one current meets another j eddies are produced 
sncli <iiS may be constantly observed in places where raricd de- 
flections or rotatory moYements are giyen to different poi-tions 
of air* In hun-icaneSj these rotatory movements hare been 
observed extending o?er a space many Imndred miles in dia- 
inefcen 

S37< Temperature of the air,^ — The range of variation 
of temperature wluch has been recorded at the surface of the 
globe, exceeds 180 degrees* The average temj^erature at the 
pole has been snpposed to be — 1 3o, and a temperature as high 
as 130° in the shade has heen mentioned as having been ob- 
served in e*juatorial regions. 

33 8 ♦ The rays of the sun appear to have little or no direct 
effect upon atmospheric air unmixed ^nth mists and vapours, or 
sn^pended impurities. They heat the surface of the ground, 
which then conveys the warmth to it. In clear nights, on the 
other hand, the ground loses heat by radiation, and the air in 
contact with it becomes cold. 

339. The temperature of the atmosphere, which is always 
greatest at the surface of the earth during snushinCj but not in 
clear nights when the radiation is great, diminishes progres- 
sively m the ak recedes from the surface of the earth. At the 
polar regions, the temperature is so low at the surface, that 
perpetual frost and snow are observed there, and as the eqtiator 
is approached, the line at wliich ice or snow is always observed 
becomes higher and higher, being 16,000 feet above the level of 
the surface at the equator itself. 
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^^40. Though the temperature of the air be low at great 
altitudes from the expansion of the air, there is as mucli abso- 
lute lieat in a given weight of cold attenuated and expanded 
air, si» in the same air when at a higher temperature in lower 
n*gions of the atmosphere, where its particles are more closely 
aj>proximated to each other. 

841. Moisture. — The moistnre in the air is not to be re- 
g<u*(led as an adyentitious ingredient, but rather as an essential 
component of atmospheric air. Its amount yaries not only in 
difi'ercnt ))laces, but in the same place at different times. Air 
feolH moist more or less, though the same amount of moisture 
be i>ro8ent, according to its temperature. It is not, accord- 
ingly, tlie quantity of moisture alone that must be looked to, 
!)ut rather the tendency of the air to retain the moisture in 
solution, or to de]>osit it, which is necessarily dependent both on 
the teni])erature and quantity of moisture. In summer, in this 
country, when the air is warm, there is much more moisture in 
tlie air than in winter, but it docs not feel so damp, as tbe ten- 
<lency to de])osition is less than in winter. 

342. The importance of studying the state of the atmosphere 
in respect to moisture, in connection with the history of ventila- 
tion, will become at once apparent from the fact, that the larger 
the quantity of moisture in the air, the larger the amount of air 
required for the evaporation of that moisture from the body which 
constitutes the insensible transpiration, and the greater the dif- 
ficulty presented to the lungs and skin in casting off the products 
that are always discharged from them. The treacly atmoaphere^ 
as it has been so emphatically termed in some warm climates, is 
a warm atmosphere loaded with moisture, and therefore resisting 
evaporation from the body ; it is an atmosphere more prone to 
deposit its moisture upon the body, than to relieve it by evapora- 
tion, and, accordingly, moisture exhaled from the body becomes 
very marked in the form of sensible perspiration. 

343. Moisture requires, in general, to be added to air in cold 
climates, in winter, in proportion to the temperature communi- 
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catca to it before it in.njroa4;bcs the pui'sua. If ookl air be 
heated in spring ajid summer by natural cauBca, it absorbs a pro- 
portional shai'e of moisture in general from the suriace of moist 
ground, lakos^ and rivers, or from the ocean, and thus reaches 
the system in a congenial condition. On the other hanJ, if cold 
and di'y air be heated ai'tiftcially without receiving moisture* its 
increased power of absorbing moisture renders it offensive to the 
system. 

344 p Again, in cold climates, large quantities of moisture are 
constantly removed from the air by coudennationj carrying along 
with them a proportion of carbonic acid and other impurities. 
This de]*osition leaves the residual air much more pure than it 
otherwise would be. In all expeditions to the Polai^ Regions, 
as in Captain Sir Edward Parry's voyage, this deposition has 
always been noticed to take place to a great extent. 

345. The Ibllowing pai'agraphs on this point, and the table in 
the Appendix, explain the more important facts that demand at- 
tention, in respect to the communication of moisture to the air, 
and its deposition from it. 

346. When the vapour of any body is removed fi*om contact 
with the liquid from which it has been generatedj it possesses 
the properties, and is subject to the laws, which are common to 
all gases ; it is perfectly elastic and compressible, and it is capable 
of expansion by the increase of temperature^ and contraction 
by its diminution, according to the rule which all gases follow, 
namely, it expands 1-4 80th paiii of its bulk at 32^, for every ad- 
ditiontJ degree of temperature to which it may be subjected, and 
contrticts similarly when the temperatm*e is diminished, pro- 
dded that the diminution does not extend beyond the point at 
which it has been generated, in which case it is necessarily lique- 
fied. 

347. The quantity of vapour which can be generated fi'om a 
liquid depends upon tlie space which it is permitted to fill, and 
the temperature to which it is exposed. The amount of evapo- 
ration is not afihctcd by the presence of the iiir or of any other 
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aeriform body, for as much vapour is found in a space filled wit^ 
the densest gas, as in a vacuum of equal extent. The presence 
of another gas aflfccts only the rapidity of evaporation, and pr^ 
duces no change in the ultimate amount. According to fiad^ 
berg's experiments, the dilation of gases by heat amounts t>^ 
1 — -493 feet for every degree of Fahrenheit's thermometer. 

348. The temperatures being equal, the quantity evaporate(^ 
is proportional to the space into which the vapour is permittejl' 
to ascend. Thus, a vessel having the capacity of 10 cubic feet 
contains ten times the weight of vapour which one of 1 cubic 
foot can contain at the same temperature. If a vessel, therefcnre, 
be increased or diminished in cubical contents, and be at the 
same time freely sui>plicd with water, a corresponding increases 
diminution will take place in the quantity of vapour which it con- 
tains. The quantity is increased by a farther amount of evapo- 
ration from the generating liquid, and its diminution is effected 
by a deposition in the liquid form of part of the vapour previously 
existing. Since the amount of evaporation is totally independent 
of the presence of another fluid, a given volume of air can contain 
the same weight of vapour as a vacuous space of the same dimen- 
sions, and the gi'eatcr the volume of air to which an evaporating 
surface is exposed, the greater is the quantity that ascends in 
the form of vapour. It is on this principle that a current of air 
or wind is favourable to evaporation, for the successive volumes, 
thus passing over the liquid, receive each their due amount of 
vapour, and prevent the stagnation of air already -saturated. 

349. As vapour possesses a certain elasticity or pressing 
force, when existing in a space free from the presence of any 
other gas, so, when it rises into a space already filled with gas, it 
adds its elasticity to that of the gas, and the elasticity of the 
mixture is then expressed by the sum of the elasticities of the 
gas and the vapour. The result of such an increase in elasti- 
city is an expansion in volume, in an equal proportion. The 
elasticity of the vapour of water at 80° Fahr., has been found to 
be capable of supporting a column of mercury 1 inch high. If, 
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tbereftire, a vessel containing dr}" air of ordinary pressure (30 
inches of mercury), and at the temperature of 80^, receive its 
due amount of watery vaponr, tlie elasticity of the mixture be- 
comes equivalent to the pressure of 31 inches of the barometric 
colunm ; and if the vessel pcnnits the extension of volimiCj the 
misiture will expand until it attain the same pressure as that of 
the surrounding atmosphere. 100 cubic inches of dry air at 
80**, would thus expand to 103 J cubic inches on being saturated 
with moistui*c. 

350. The amount of evaporation into equal gpaces is depen- 
dent upon the temperature, and increases considerably on a small 
Increase of heat* Between 32'' and 100*^, the amount of eva- 
poration is doubled by the addition of about 20 ; or at 52*, it 
is double that at SS""* It necessarily follows from an increased 
amount of evaporation into a given space, that the density of the 
vapour must be greater, the greater the temperature at which it 
exists. It has been found, for example, that the yap our of water 
at 32°, has about 1-30 th part of the density of air ; at 212*, 
it has nearly half; and at 350*", it is about four times as dense 
as air i its limit of density being 815 times that of air, or equal 
to that of the water generating it. The amount of elasticity is 
in exact proportion with the density, while the volume occupied 
by a given weight of vapour is le^ss, according as the density and 
elasticity are greater, and greater according as they are less. 

351. The effect of temperature upon the amount of evapora- 
tion gives rise to many phenomena connected with the state of 
the atmosphere in regard to moisture, rain, dow, &c, A volume 
of air is said to be saturated with moisture^ when it contains the 
amount of vapour of the density and elasticity due to its tempe- 
rature. If it contain leas than its due proportion, it is ready 
to absorb an additional quantity from any water or moist surface 
with which it may come in contact ; it cannot contain more ; it 
deposits any surplus in the vesicular form, or as dew or rain. By 
increasing the temperature of a given volume of air^ its capacity 
for moisture is increased ; and by cooling it is diminished. When 
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a glass vessel containing air saturated with vapour is cooled, the 
moisture is seen deposited upon the sides of the vessel ; and when 
it is again heated, the moisture disappears and becomes insen- 
sibly difiused through the warmer air. 

352. When the walls of a crowded apartment run down with 
moisture, this indicates that the air in contact with them is sa- 
turated with moisture, and that they are colder than the air. If 
they were not, there would be no deposition. 

Again, when a warm south-west wind succeeds a long and se- 
vere frost, the same effect is observed. The water that appears 
does not exude from the walls ; it is deposited from the warm air, 
when its power of solution is diminished by coming in contact 
with the cold wall. 

353. When air, saturated with moisture, shall have been 
heated without being permitted to absorb a farther quantity of 
vapour, it expands according to the usual law of gases, and it 
may be again cooled without any deposition of moisture, until it 
reaches the degree of temperature at which the quantity of yapour 
which it contains can exist. This degree of temperature is called 
the dew-point, because any farther reduction causes a deposit of 
moisture in the form of dew. 

354. A quantity of air, again, may contain a large amount of 
moisture in the vesicular form, such as a cloud or fog, when it 
becomes visible and opaque, and which may be rendered trans- 
pai'ent and invisible, by its being converted into vapour on the 
addition of heat. It was found, for instance, that, in some ex- 
periments made in London, the densely foggy air, which attracted 
attention at that time, was rendered clear and cloudless on being 
heated to 80 , indicating that about l-70th part, by weight, of 
that air, was water. 

355. In tables expressing the elasticities of watery vapour 
at various temperatures, the numbers are usually taken from the 
results of experiments made by Dalton on this subject. The 
columns of specific gravities, and weight of a cubic foot, are cal- 
culated from the numbers expressing the elasticities, and that 
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coiitaining tho weiglit of Tapoiir^ diffused through a cubic foot of 
ttn\ is fuiuied from a combination of the numbers expressing the 
weight and the elasticity in the following raannor : — 

356. A cubic fcM>t of perfectly dry air of an elasticity equiva- 
lent to 30 inches of merciu'y, on becoming saturated with mois- 
ture, attains an elasticity equal to the sum of its own elastic Ibrce, 
and that of the yapour. K the temperature, for instance, be 
80*^, it attains an elasticity of 31 inches of mere,, and tends to 
expand until it beeomea ^ of a cubic foot, haying at that in- 
creased volume the same elasticity (30 inches) as before satu- 
ration* The quantity of moisture due to 1 cubic foot is ac- 
cordingly diffused through | j of a cubic foot, and the quantity 
remaining in the space of 1 cubic foot after such expansion, is 
therefore 1 5 of the quantity contained in the cubic foot before 
expansion, that is |f of the weight of 1 cubic foot of watery 
Taponr at 80'^, In the same manner, all the numbers expres- 
sing the weight of moisture in a cubic foot of air at a given tem- 
perature, are to be found by dividing 30 times the weight of 1 
cnbio foot by the sum of 30, and the elasticity corresponding to 

' the temperature. 

357. Electricity of tite Atmosphere, — The intimate 
connection that subsists between the electric power, and all 
bodies at the sm-face of the globe, necessarily renders the his- 
tory of atmospheric electricity an object of great interest in 
connection with the changes of which atmospheric air is suscep- 
tible. Hitherto, howcverj the inyestigations have not yet been 
carried sufficiently far to admit of any practical applications 
being made with that certainty and precision which has ob- 
tained in respect to temperature, except in so fai" as the pro- 
tection of the lightning rod has afforded such compai'ative se- 
curity from the influence of fehe thunder-storm, both at sea and 
on shore. As it cannot be doubted, however, that every move- 
ment and every chemical action, both in the auimal and vege* 
table system J and in the inorganic world, is accompanied with 
eleetric changes, many new i-e^ults bearing on the animal eco- 
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nomy may still be anticipated with the progress of discoyery in 
electricity, such as hare been recently i4>plied in the arts and 
manufactures. 

358. That changes in the electric condition of the atmo- 
sphere produce rery marked changes on the constitution and 
feelings, has long been unirersally admitted, but it is oolj re- 
cently that any attempts have been made to enter precisely on this 
question. The following extracts from a series of communica- 
tions to Mr Walker's Journal of Electricity, by Mr Weeks, 
shews the manner in which observations hare b^nn to be re- 
corded in reference to the electric state of the atmosphere ; the 
extension of such obserrations cannot fail ultimately to lead to 
important practical results. If we merely recollect the import- 
ant fact, that, according to its electric condition, the body may 
become a centre of attraction or repulsion to all the atmospheric 
and other particles with which it may be surrounded, we cannot 
fail to assent to the proposition, that much may be expected 
from the farther prosecution of such inquiries, though the diffi- 
culties of the investigation, arising from the complexity of the 
subject, must lead the inferences announced at first to be received 
with caution. 
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359. Excluding moisture and carbonic acid, whicli are no- 
ticed elsewhere, atmospheric air consists essentially of oxygen, 
mixed with four times its bulk of nitrogen (21 of oxygen and 
79 of nitrogen arc more commonly mentioned). This amounts, 
by weight (omitting fractions), nearly to 23 of oxygen and 77 of 
nitrogen. These gases do not condense, nor do they present 
any marked chemical changes when mingled in the proportions 
mentioned. They resemble a mixture of the two gases, rather 
than a chemical combination. They do not separate, notwith- 
standing their different specific gravities, according to the law 
of the diffusion of gases already explained, and the proportions 
in which they are associated are not incompatible with the notion 
that they may be approximated, if not actually combined, by a 
feeble chemical attraction. 

360. The elements of air can unite in several different propor- 
tions besides those observed in atmospheric air, constituting a 
very marked and interesting series of chemical combinations, as 
explained in the following table. Supposing air to consist of two 
particles of nitrogen and one of oxygen, a supposition not exactly 
in accordance with modern analysis, though the proportions, so 
far as they differ from what might be explained in unison with 
this view, according to the laws of the proportions of combina- 
tion, are not so distant from the proper theoretical numbers as 
to preclude the supposition that any difficulty on this ground 
may yet be reconciled by more precise analysis. 

Nitrogen. Oxygen. 

Atmospheric air, 2 particles. 1 particle. 

Oxide of nitrogen, 1 ... 1 

Binoxide of nitrogen, 1 ... 2 ... 

Hyponitrous acid, I ... 3 

Nitrousacid, .. 1 ... 4 

Nitric acid, 1 ... i* 

361. Oxide of nitrogen is the intoxicating gas whose very 
singular properties were discovered by Sir H. Davy. The other 
compounds of oxygen and nitrogen are fatal to animal life. All 
the above compounds are mutually convertible according to 
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varioiis chemical aiTa»geiiiL*jit, any rcjdundaut proportion af 
oituher element being separated* Rain-water often affords traces 
of nitric acid, which is prodaeed mare particularly during thunder^ 
stiinnsj by the action of electricity in tbe air, 

362. Oxygen is the great clement whose power on the 
master ial world is more marked than that of any other aub- 
stance. Its tendency is to sustain a slow combustion with all 
rmietieg of animal and vegetable matter. These ai^ composed 
of oxygen^ hydrogen, carbon, and nitrogen, the latter being com- 
|»;iratiTely rare in the yegetable kingdom. When its action is 
riilly deFclopod, it produces 

Carbonic acid with carbon, 
Water with hydrogen, and 
Nitric acid with nitr^en, 

363, In the mineral kingdom, its oxygenating or oxidating* 
inHnonceis always in operation, though not in so marked a man- 
ner. Thus, in the oxidation of iron, it promotes the disintegration 
of rockSj and there are few substances at the surface of the globe 
with which it is not already lai'gely associated, or on which it 
does not tend to act. In the yegetable and animal kingdoms, 
the great tendency is to produce combinations whose amount of 
oxygen is small compared with what is observed in the mineral 
kingdom, and when these decay, the products, when not oxygen- 
atedj or only in a low state of oxidation, may tend to produce 
di^*ase : but when highly oxidated, carbonic acid, water, and ni- 
tric acid are formcdj and these substances have no tendency to 
form any frf those putrefactive or peculiar combinations^ such as 
are prone to induce fermentation or disease, according to the cir- 
cumstances under which they are applied. Oxygen, accordingly, 
as it affects the system, may be considered as producing a slow 
fire, whose regulated and tempered action produces a mild and 
genial warmth, by the oxidation induced through respii^ation. 
When oxygenation is imperfect from excess of food, defective 
respiration, or other causes, the system is generally overburdened 



* Ternia emptoved to mdicata tha oombloation of different bmUea with ojcygen* 
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with fatj or its power and tone extremely reduced by loss of 
appetite, more especially where the snpply of air is iadifl^rent. 
When there ia a deficiency of food, it preys upon the body itsel^i 
its operation in cases of starration consisting literally in destro^^l 
ingjts substance by the chemical changes induced, which tend to * 
resolve its carbon and hydrogen into carbonic acid and water, 

364. Nitrogen, the other element of air, has not yet per- ' 
haps been traced so successfully in all its varied influence upon 
the animal economy as oxygen. It has been considered to act 
principally by diluting aud tempering the too powerful action of 
the oxygen that might otherwise ensue. But its almost univer- 
sal presence in the products formed by animal life, its power of 
penetrating the system in the same manner as other gases^ and the 
fact that it is absorbed or exhaled under different circnmstances, 
lead certainly to the beliefj that its fimction is much more im- , 
portant than it was at one time supposed to bo. ^M 

365. The CARBONIC acid in air is not to be regarded i^^ 
the light of an impurity, when its amount does not exceed one [ 
part in two thonsandj as it serves the important purpose of pre- 
senting carbon to the vegetable kingdom, without proTing in- 
jnrious to the animal frame. See Bespiration — -Vitiated Air 
— Combustion — -Fires — and Coal-Gas, for fai^ther obserratio] 
on Carbonic Acid, 

366. It appears from the most recent experiments, that there 
is no reason to suspect that any deterioration ensues from year 
to year in the constitution of the atmosphere. Extensive opera- 
tions take i>lace at the surface of the globe, by which its oxygen 
is restored in the same proportion in which it is consumed by 
the processes of combustion, i*espiration, and other natural ope- 
rations* The two kingdoms of animated nature are more pecu- , 
Uarly instrumental in snstaining the duo balance of oxygen, reg^f 
tables under the infinence of the sun replacing generally th^ 
oxygen consumed by animals, and absorbing the carbonic acid 
which they expire. It is sufficient here to state, that the yery 
rigid and accurate analysis of atmospheric air, made by Hum- 
boldt aud Gay Lussac about 40 years ago, corresponds in its 
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aitlts witli tlie elaborate and able researches of MM. Dumas and 
BousftingaiLlt, recorded in the Annales de Cliimie ct de Physique 
iUr November 1841, and these, again, coincide also with re- 
seai^lies made at the same time, both at Berne and at Fanlhom, 
by M. Breniner< 

367^ But though the probability may be great that the oh* 
undergoeSj under present eircumstanceB, no permanent change, 
it is not improbable that rarious zones or districts may, from 
their regetation or other causes, harCj at times, an increase or di- 
minution in the per-centage of oxygen or carbonic acid, in the 
same manner as local impurities may be detected in innumerable 
situations J and be traced to the action of special causes* Dr 
r^alUm, in particular, has recorded some observationSj where, if 
^he dilierent amounts of oxygen indicated were not witlun the 
wiiiits of the unaToidable errors of experimenting, a difference in 
^'^e pcr-centagc of oxygen must haye existed. In the riciuity 
^f rich and luxuriant foliage, unaccompanied by decomposing ve- 
Sr^table niatteTj the action of the plants in the sunshine must 
**^easarily tend to produce a highly oxygcuated atmosphere. 
^^ussure has indeed shewn, that in such situations the amount of 
^^bonic acid in the air is less during the sunshine than in higher 
^^pons. 

368, Again, the extreme activity of volcmioea in different 
l^arts of the globe may communicate occasionally special products 
t<i the air, and the possibility of planetary influence ought not to 
be entirely overlooked. The former by the direct communication 
Of gaseous impurities, and the latter by the induction of peculiar 
electri>inaguetie or other couditious, may affect the action of the 
atmosphcm on the human frame. That even the planets do 
exert some important physical inffuence on the living frame 
from time to time, has been rendered probable by varied obser- 
ratiotiB as to the state of the weather at particular con functions ; 
nothing* however, but the most extended and repeated observa- 
tions can give confidence in such conclusions. But in the same 
manner as the light they emit re-aches the eye by which they are 
recojQtnised, so also it h evident that they must exert some iu- 
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flucncc upon this planet, however trifling comparatiyely that 
may he. 

369. In attending to the influence of air upon the human 
frame, the memoranda subjoined should not he forgotten, parti- 
cularly in studying the circumstances that modify tHe amount of 
air required in a given time. 

370. 1. Warm and Cold Air. — In the great majority of 
cases, the temperature of the external atmosphere is below that 
of the human frame, even when it feels warm, and, consequently,, 
exerts a cooling power as it comes in contact with it, the efiect 
being proportional to the amount that passes in a given time ; 
unless heated above 98°, it does not directly warm the system, 
though it feels warmer and warmer as its temperature approaches 
this point, in consequence of exerting a less and less cooling in- 
fluence, such as in ordinary temperatures we are always though 
unconsciously accustomed to. 

371 . 2. Morning and Evening Air. — Morning air is in 
general much more pure and refreshing than evening air, having 
deposited much dew during the preceding night, when the tenj- 
perature is low and tlie air clear. The proverbial purity and 
salubrity of the moniing air arises essentially from this cause. 
Its comparative coolness also modifies its efibcts. 

372. 3. Noon and Midnight Air. — Air during the day 
is always receiving accessions of moisture and volatile impurities 
from the surface of the ground. On the other hand, air, during 
the night, is constantly depositing, in mist and dew, impurities 
that may be associated with the moisture evaporated throughout 
the preceding day. 

373. 4. Air of the Ocean and of the Dry Land. — Air 
on the ocean may be considered saturated with moisture, and 
associated with a little saline matter. Air, on the dry land, is 
not only apt to be contaminated with impurities, but is often 
deprived of part of the moisture it may previously have had by 
the absorptive powers of the soil. 

374. 5. Summer and Winter Air. — Air, in summer, 
may feel more dry than air in winter, and still contain more mois- 
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ture, as its higher temperature gives it a greater dissolving power 
than is observed in cold air. 

375. 6. Spring and Autumn Air. — In spring and sum- 
mer, active vegetation tends to increase the amount of oxygen in 
air. In autumn, the presence of impurities prone to putrefac- 
tion render the air less wholesome. 

376. 7. High and Low Air. — Air, at a great altitude, is 
generally much more pure than air at the surface of the ground, 
if any local source of impurity be avoided ; it is also colder 
in the sunshine and wanner at night in clear weather than air 
at the surface. 

377. 8. Air on Drained and Undrained Land. — Air 
resting on land imperfectly drained, is much less pure in general 
than on ground well drained. Thus, in level districts, impurities 
on a clay soil are very seldom entirely removed ; but if the soil 
be porous, as where gravel abounds, the impurities conveyed to 
it are quickly absorbed. 

378. 9, Air of the Mountain and of the Valley. — 
In the same manner, the air of the mountain, which is incessantly 
renewed from the freedom of the currents in such districts, is 
not <mly comparatively pure from this cause, but the facility 
with which all decaying debris are oxidated, tends to give a still 
higher degree of purity. In the valley, the reverse is necessarily 
the case. 

379. 10. Air in the Sunshine and in the Shade. — 
in the sunshine, the whole system is powerfiilly stimulated by 
the rays that play upon it ; the air, at the surface of the ground, 
is warmed and universally agitated by the intermixture of 
ascending and descending currents that consequently ensue ; 
the process of oxidation and evaporation is much accelerated, and 
the tendency of matters in solution to be deposited is greatly 
diminished. In the shade, the temperature is lower from the 
absence of the direct influence of the sun's rays ; the loss by un- 
requited radiation from the surface of the earth, when the sky is 
clear, renders the surface of the ground still colder, and instead 
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of that living agitation which is obserred in the 8nn8liine,1k 1^^ 
air tends to remain comparatiycly stagnant and cold bdow, or 
horizontal currents of low altitude are determined, loaded nith 
dew or other condensed impurities. In a clouded atmosphere, 
all these effects are greatly or almost entirely prevented, thick 
clouds preventing as much unrequited radiation in the shade, of 
at night, as they intercept the rays of the sun by day. The 
comparative quiescence of air at night is one cause of the greai 
distinctness of sound that is then observed. In many places 
where fires are sustained ail night, the smoke may often be ob* 
served quiescent before sunrise, and in the form of a cloud, at a^ 
altitude of a few hundred feet, having been accumulating f^ot 
many hours previously. In the day-time this is rarely observe^ 
and never to the same extent as at night. 

380. The first effect of the rays of the sun in the morning '^ 
to produce considerable evaporation from the surface of the lai^- ^ 
or of water, and, when the superincumbent air is cold, the coiC^' 
densation of this moisture produces a mist. 

381. 11. Town and Country air differ in purity, tenc:*" 
perature, and in protection fi'om draughts and currents. Tk- -^ 
warmth of town in winter is favourable to health ; but any advai^- ' 
tagc from this cause is, in some towns or special districts, mor ^ 
than counterbalanced by the influence of the various noxioa^^ 
products communicated to the air in cities. This subject is s^^ 
important, that a separate section is devoted to the consideratior:^ 
of impurities in air. In the country, a house situated at m^ 
moderate elevation, equally free from the severity of the moun-^ 
tain blast and the stagnation of the valley, not encumbered by^ 
trees, nor yet distant from vigorous vegetation on well drained 
land, and, above all, so located as to receive the greatest possible 
amount of the sun's rays in the individual apartments by the 
arrangement of the windows, a due regard being paid to pro- 
tection from cold, may be considered as placed in the most 
favourable circumstances for the promotion of health. 

382. 12. Dry and Moist Air are exceedingly different in 
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their effects upon different constitutions, the former absorbing 
and the latter communicating moisture to the body. See the 
preceding paragraphs on Moisture. 

383. 13. North and East Wind — South and West 
Wind. — Winds from particular districts necessarily acquire 
peculiar qualities from the places oyer which they pass ; and as 
examples are familiarly known, where even palpable dust and 
ashes hare been carried for many hundreds of miles, so also 
peculiar temperatures, emanations, malarious impurities, and 
deleterious gases and vapours, may be conveyed to a still greater 
distance, in proportion to their subtlety and the volatility of the 
material communicated. Nor is it unreasonable to suppose, 
that the friction of one portion of air upon another, or upon 
the earth, and other causes, may tend to induce some peculiar 
magnetic quality. But no distinctions are so familiarly known 
as those of the north and the east wind, as contrasted with the 
south or the west wind in this country. The former are essen- 
tially cold and dry in general, when compared with the latter ; 
and accordingly, by the free addition of steam, and a proper 
elevation of temperature, an easterly wind, as it enters any 
house, may be made to approximate in character to the south- 
west wind, 

384. There are other varieties of atmosphere dependent on 
the electric condition of the air, the presence of dust and other 
volcanic products, peculiar natural emanations from the soil, or 
products formed artificially in extensive operations of art, but 
the more important of those that] require attention in this work, 
will be noticed in other chapters. (See Smoke and Vitiated Air.) 
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CHAPTER VI. 

BRIEF REMARKS ON THE NATURE OF RESPIRATION. 

385. Respiration consists in the alternate inspiration and 
expiration of air. It may be termed, in the language of Har- 
vey, the " ventilation of the blood," the object being to remove 
vitiated air which is exhaled in the lungs, and to supply a corre- 
sponding quantity of fresh air. By this process, the blood is 
purified, and, according to the opinion now generally entertained, 
the inspired air [gives its oxygen directly to the blood in the 
lungs, from which it passes to the heart, and is thence trans- 
mitted by the arteries to every part of the living frame. In 
the lungs, the oxygen absorbed by the blood is considered to 
react more especially on the red particles, giving them a florid 
tint, and, in the extreme branches, or capillary extremities of the 
arteries, carbonic acid gas is developed, this change being accom- 
panied with the production of that temperature which is so won- 
derfully sustained in the living system, and with other changes 
necessarily associated with the nutrition that the blood conveys 
to each individual part of the body, before it returns by the veins 
to the heart, and commences again the same series of changes. 
The colom* of the blood in the veins appears of a dark purple 
tint. 

386. Respiration, accordingly, is a function of the utmost 
importance to the animal economy, and one which cannot be in- 
terrupted beyond one or two minutes in man without death 
ensuing, unless in cases of suspended animation, accompanied by 
fainting. The movement of the air in respiration is commenced 
by a series of musculai* actions in the intercostal muscles, and in 
the diaphragm which sepai-atcs the chest from the abdomen. By 
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ihe^c the caTity of the choat is enlarged* and air is forced in at 
the month and nostrils^ tlirotigh the windpipe^ into the cells of 
tlio lungs, distending them sa as to fill the increased area of this 
cavity. Expiration is produced principally by the elasticity of 
the hmgs which contract to their foriner dimensions and es]>el 
a portion of air, the relaxation of the intercostal muscles and of 
the diaphragm facilitating this movement. 

387* The force of the heart, and other causes^ determine the 
circulation of the blood. The blood conveys equally nutrition 
from tlic foodj and oxygen from the air, to the whole frame. It 
is justly termed a vital fluid, not only from the functions it per- 
formSj but also from many peculiar properties which it presents, 
and from the organic structure of the red particles which it 
usuidly presents. It undergoes incessant changes throughout 
the whole period of lite, continually receiving additions from the 
digestive orgaus, and from every part of the body, through a 
syst<!m of vessels that pervade the whole frame, and are commonly 
t<M*med the absorbent vessels, as well as from the external at- 
mosphere. It is also constantly depositing new matter in every 
part of the living frame, another system of vessels elaborating 
all the peculiar tissues or eomponeut parts of the Uviug body ; 
while a third series of changes arc dependent on the materials 
expellefl through the medium of the lungB or other organs, 
Though, then, the changes effected during respiration consist 
essentially in tlic evolution of cai*bonic acid and the absorption 
of oxygen, they may be modified in endless variety by the fol- 
lowing circumstances ; — 

1. The condition of the blood, as dei>endent on health, diet, 
^and habit, in individual constitutions. 

2* The purity of the air supplied, 

3. The temperature of the air, 

4. The moisture in the air, 



5. Peculiar impurities in the air. 



ti The i|uantity of air respired. 

7^ The facility with which the inspired air gains access to the 
Wood. 
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8. The tone and condition of the respiratory organs. 
9* Tbe condition of the skin» 



388. All these circtimstanccs affect powerfully the nature of 
the respiratory changes in each indiyidual case* The blood 
may be too much, or not sufficiently oxygenated. Volatile ira- 
purities may be exhaled or absorbed. The respiratory moye- 
ments may be excessive or deficient. The respiratory tubes 
may be clear or obstructed, and numerous minor changea may 
be determined or influenced by exercise, rest, excitemeut, ot 
any of that endlosis variety of circumstances that aJfect the 
human fi'aine, 

389. The blood, then, is subject to incessant varieties in it 
precise chemical constitution. A free atmosphere well suppliedj 
oxygenates and destroys numerous impuiitiea that tend other- 
wise to lurk in the system, and develope disease. Powerfiil 
deoxidating compounds, if volatile, generally produce extreme 
depression (where they do not cause local irritation), as prussic 
acid and hydrosutphate of ammonia. Bodies abounding iu a 
great excess of oxygen tend to act in an opposite manner, and 
produce direct destruction (corrosion or decomposition) of tl 
living tissues , by excessive oxidation, 

390. In the same manner, numerous minor effects are often 
produced by the state of the atmosphere developing peculiar 
chemical changes, ivhicb may influence powerfully the health 
and feelings, though modern chemistry may still fail frequently 
in detecting their precise action. 

391. The respiration of invalids is oft^^n excecdiugly affe 
ed, not only in the quantity, but also in the quality of the 
terials exhaled. The lungs often discharge lai^ge quantities 
offensive volatile pro<lucts from the system* The amount of" 
carbonic acid exhaled is also very considerably increased in some 
caseSj and hence a much laiger supply of air is then required 
than under other circumstances. 

392. 8ome products received into the stomach may be es 
haled in paft irom the lungs without change, as spirit of wIe 
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which, wlien taken freely, escapes in part unclianged, both from 
the suifaiCC of the lunga and from the surface of the skin, from 
which it has been condensed and shewn in a pure form. Hence 
the familiar fact, that individuals in a small and crowded apart- 
mentj and not partaking of the spiritiioiis liquors that the ma- 
jority are indulging in, ai*e still affected by them from the 
amount of alcoholic Tapom* that floatSj in such caBCS, in the at- 
mosphere of a badly yentilated apartment. 

393. One of tlie most important circumstances connected 
with the hist-ory of respiratioDj is the great extent of the surface 
of the lungs, and hence its extreme power when employed m a 
medium of affecting the whole frame by the action o volatile 
therapeutic agents. The lowest estimate 1 have met with gives 
fifteen square feet as the area of surface of the cells of the lungs. 
Dr Monro has estimated the area at about 4)0 feet. The 
liighest estimate given is 1500 feet, Kesults so widely differ- 
ent indicate the necessity of estimates on this point being much 
more precisely entered into than hitherto, before much confi- 
dence can he attached to them. So far as I have been able to 
ascertain the opinion of anatomists, 400 feet of aurface does 
not appear an excessive estimate, but none whom I have met 
had themselves entered practically into this question, 

394. The developemeut of animal heat is considered one of 
tlie great objects of respiration ^ the carbonic acid exhaled from 
the lungs being formed by a species of slow combustion by the 
oxygenating influence of the absorbed oxygen, 

395. A reference to illustrations in Part. I. on respiration 
and transpiration, and particularly to the table on respiration, 
will assist the reader in tracing some of the more important 
facts connected with respiration, and examining its bearing on 
Tentilationi He should remember^ however, that the amount 
of air required for yentilation is gi^eatly modified by many cir- 
cumstances, independent of respiration (See Chap. VIII.) ; and 
that, in ordinary respirationj only a small portion of the air in 
the lungs is changed, varying from a tenth to a fifteenth part. 
Many individualSj by a very forced eftbrt, and loading the lungB 
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previously by a full inspiration, can expel from 100 to 2^^^ 
cubic inches of air. The lungs of some indiyiduals appear to 
be capable of containing, during life, about 300 cubic inche? €t 
air. 

396. The manner in which the inspired air conveys oxygen 
to the blood, and receives carbonic acid in return, is exceed- 
ingly curious. The air inspired, and occupying, perhaps, only 
the branches of the trachea, by a process of diffusion (see tie 
diffusion of gases), discharges oxygen into the air-cells of the 
lungs, being replaced by carbonic acid, which leaves these cells. 
A similar movement then ensues between the oxygen in the 
cells, and the carbonic acid in the blood, — ^the fine membrane 
that lines the cells in the lungs being no barrier to this move- 
ment. 

397. Respiration is considerably affected by the state of the 
skin, and tlie activity of the function of transpiration. The 
surface of the skin has the power, like the surface of the lungs, 
of absorption and exhalation. The skin in different individuals 
is very various in these respects ; cases are known where 
scarcely any cutaneous exhalation can be traced, and in these 
the exhalation from the lungs is excessive. Wlierc the func- 
tions of the skin have been suppressed, the lungs generally suffer 
from an increased action, which is relieved when the functions 
of the skin are restored. 

398. The skin evolves cai'bonic acid gas, and moisture, 
charged with animal matter, in minute quantity. The precise 
manner in which the carbonic acid so evolved is produced, has 
not hitherto been determined. 

399. When the moisture is exhaled in a dry atmosphere, or 
in air capable of dissolving it as fast as it is exhaled, the per- 
spiration becomes insensible. But when the air cannot dis- 
solve all the moisture, then the perspiration becomes sensible, a 
portion appearing in the liquid form. 

When the body is exposed to gi'cat heat or exercise, and the 
exhalation is removed readily by the surrounding air, one, two, 
or more pounds of moisture may be discharged in a few hours. 
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^nt when the system is attenuated hy long fasting, and depri- 
vation of liquids, and the atmosphere loaded with moisture, a 
large portion of water is absorhed, which adds in a marked 
manner to the weight of the body. In some cases of disease, 
the power of the skin in absorbing moisture is greatly in- 
creased. 

400. The true skin is covered with the elastic cuticle, which 
is retentive of moisture, under peculiar circumstances. The 
precise manner in which moisture proceeds through it is not 
known. The number of pores or apertures in the true skin is 
said to be 7200 on a square inch. 

(For farther information as to the amount of carbonic acid 
and moisture exhaled hy respiration and transpiration^ see 
Part I,) 
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CHAPTER VII. 

AMOUNT OF AIR REQUIRED FOR VENTILATION. 

401. In all questions connected with yentilation, it may te 
proper to remark, that the standard of health may be generally 
considered inferior to that which is desirable and attainable. We 
ought not merely to look to the supply which the constitution 
can bear or tolerate, but that amount which will sustain- ilie 
highest state of health for the greatest length of time. 

402. No question is more important than that which forms 
the subject of the present chapter. In yentilation, the amount 
of supply is the first thing to be determined. I have no hesi- 
tation in stating, that, though an endless variety of adjustments 
have been made under the varied circumstances in which I haye 
had to introduce systematic ventilation, no question engaged so 
much time, nor was any other point the result of such continued 
investigation, as the amount of air to be supplied. It became 
imperative to enter minutely upon this question, not only from 
the conviction that a defective supply was the most prevailing 
evil, but also because the amount that appeared to me desirable, 
in many instances, was so far beyond that which had previously 
been given, as to exceed it by upwards of a hundred times. In 
some cases, if the natural movements of the air be not impeded, 
sufficient ventilation may be procured ; but in others, heat ap- 
plied by a powerful shaft or otherwise, or a mechanical power 
worked by a steam-engine, may be desirable. Still, however, the 
great questions are, the amount of supply, and the condition and 
the manner in which the air is to reach and pass away from the 
person. 
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403. Thua, then, the amount of air required for ventilation 
ft>Tms the foundation of all ventilating operations* No system 
Ticed be considered until this question bo determined. It is, in 
**xauy easea^ a complex tjuestion, and involves, more especially, 
^lie following consideration s^^ — 

L The condition of the constitutious to be supplied. 

2, The degree of comfort that may he considered desirable. 

8. The number of persona that may crowd upon a given 
e* 

4, The quality of air that may he accessible, 

5, The highest and lowest temperature for wMch it may he 
necessary to provide. 

6, The system of heating that may be a^l opted, 
7* The nature of the furniture, including all adventitious 
kterials likely to aflect the air, particularly flowers and paint, 
8* The purposes to which the apartment may be applied. 

9. The fluctuating demands to which it may be necessary to 
;tend* 

10* The construction of the apartment ; pajiicularly the 
nature of the walla and windows. 

IL The system of artificial light that may be adopted. 

12. The presence of local impurities. 

404 p In some respects, the question of the amount of air to 

supplied may he considered in an economical point of view, in 
le same manner as the table which any one can afford to sustain, 
the house in which he may dwell, or the clothing which ho may 
put on* It will not be doubted, that the more nearly the air 
breathed within doors approximates iu purity and freshness to 
the free and open atmosphere, the more conducive will it he to 

stain health and strength, and to prolong life* But, iu cold 
weather, the expense iu miuntaining a desirable degree of warmth 
is much influenced by the amount of air supplied at a given time, 
80 that purity of air is often sacrificed to warmth, with the view of 
avoiding expense. 

405. But confining our attention to an average temperature, 
my ordinary apartment not overcrowded with many 
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Fig. 138. 



persons, and not subject to any peculiar or noxious emanation^ it 
is considered that 1 cubic feet per minute should be provided for 
each individual. 

406. This estimate is given with much diffidence, and only 
as an approximation. It is the result, however, of an extreme 
variety of experiments made on hundreds of different constitu- 
tions, supplied one by one ^-ith given amounts of air, and also in 
numerous assemblies and meetings, where there were means for 
estimating the quantity of air with which they were provided. 
In some cases, those who became the subject of 
experiment were for a time included in an air- 
tight box, such as that represented, and provided 
with a long glass-pijic to enable them to draw 
the air they inspired from any pail of the box 
in which they were i)laced. A small seat is re- 
presented on one side, and on the other a series 
of trays on which materials could bo placed, 
either for the purpose of absorbing various in- 
gredients from the air on special occasions, or of communicating 
different materials to it. 

Fig. 1 3!>. 





407. On other occasions, a more complicated piece of appa- 
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ratusi was employed (Figs. 139, 140), consisting of a large iron 
irauie, glased like a window, and connected witli a pump, by 
wliicU air of any quality could he supplied by drawing it through 
the smaller frame, and forcing it in the reqnired quantity into 
tlic glazed frame, which is snMcieritly large to accommodate se- 
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Teral individuals. The air entering was dried in a, the prepara- 
tory chamber, or charged with any peculiar materials from the 
flask d ; e shews the progress of the prepai'ed air from the pumps 
e, by which the quantity giren was precisely measured ; and b the 
glass chamber in which those were placed who were made the 
subject of experiment, 

408. Aiiother apparatus was also usedj in which either an 
iLBcending or descending movement could he commanded, as might 
be required, and in the principal experimental apartment con- 
structed in reference to the House of Commons, the atmosphere 
could bo made to ascend or descend according to the particular 
piD'pose to which it was to be applied, 

409. There are perhaps no matters on which any two indi- 
viduals are less likely to agree^ than as to the precise amount 
and quality of air which is most suitable and agreeable to them. 
Age, habit, temperamentj diet, clothingj previous exposure and 

Qgagcments, mental excitement, and the state of the constitution 
at the momentj all concur to modify the impression produced by 

M 
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any giycn atmosphere upon the system ; while changes induced 
in the system itself, within a giyen period, may render agreeable 
an atmosphere which was previously almost intolerahle. 

410. It is unfortunate that the standard for pure air is gene- 
rally low, in consequence of the comparatively indifferent condi- 
tion of the state of the atmosphere in the greater number of 
habitations. Hence, many judging by their own sensations, do 
not appeal to a correct standard. The atmosphere they have 
been accustomed to is their standard, not that where the con- 
stitution flourishes in health and strength. 

411. Others, again, exposed in extreme situations, and sub- 
ject to an amount of impurity in the air they breathe, which 
would certainly prove fatal to men of a less hardy constitution, 
cannot be supposed to be capable of judging of the minute amount 
of particular ingredients which may annoy those extremely who 
are not accustomed to them. 

412. Waiving such considerations accordingly, which, if mi- 
nutely entered into, would occupy a volume much larger than 
this work, it uiay be sufficient here to state, that ten cubic feet 
per minute appears to me to be the amount of air which should 
be provided for each individual, when the external atmosphere 
is mild and agreeable, neither oppressive from heat, nor requir- 
ing, on account of cold, the assistance of artificial heat. 

413. If we look to the fact that less than half a cubic foot 
of air passes through the lungs of an adult in a minute, this esti- 
mate may at first appear excessive ; but if we remember, that, at 
each expiration, a quantity of aii' is emitted which mingles with 
an additional portion of air exceeding largely its own bulk, and 
that there are twenty such respirations per minute, while prod- 
sion is also required for the air that afiects the surface of the 
body, and for tlie endless variety of minor effects produced by 
furniture, lighting, heating, refreshments, &c., where no peculiar 
adaptations for these purposes have been introduced beyond those 
usually observed, it will be seen that the estimate is by no means 
immoderate. The real question is, not what the constitution 



t 



AMOlmTOF AIU REQUIRED FOR VENTILATION, 



179 



©nn l>ciir» but tliat n.iiiouiit whieh is convtiniently accoa&ible in 
ordinary habitations, and wMcli is essential for the wants of the 
system. 

414. TLe jvower of the system in accommodating itself to 
pecnTiar circumstances, is revy groat. The amount of opium, 
Mdne, tobacco, ardent spirits, and other substances^ which some 
mdiyiduals can hahituate themselves to, though only at the ex- 
pense of impairing" their constitutions, is no less remarkable than 
the varieties of atmosphere, loaded with impurities^ , in which 
others can breathe, and even work for years continuously. Per* 
haps the most singular instance of this kind, exclusive of those 
met with in polar regions, and in a rude state of society, are to 
be seen in mines, where it is frequently common for the men to 
work in an atmosphere t^o impulse to permit a common candle 
to bum J though an oil lamp, in consequence of its greater tenacity 
of combustion, may be maintained in action without difficulty. 
But numerous individuals faint in an atmosphere far less impure 
than that of some coal-mines, and even death has been considered 
to have ensued in some instances from vitiated aii\ though it was 
not sufficiently impure to extinguish a candle, no impm-ity but 
cai^bonic acid being known to have been present. 

415. In endeavouring to ascci^tain the amount of air gene- 
Tcdly desirable for respiration, several e^ttrcmc experiments were 
made, from which I ibund that I had no difficulty in remaining 
irom one to two hours in an air-tight oblong metallic box, not 
larger than was necessary to contain me iu the horizontal i>osi- 
tion, and the door being carefully cemented and soldered^ so that 
no air could either enter or escape duinng that period ; Were 
chemicals employed to absorb carbonic acid and moisture, and 
to exhale oxygen from time to time, there is no limit to the 
pericKl that life might be sustained j so far as air is necessary* 

416. When numbers crowd upon a given space, and in all 
cases where the temperature of the air is more than usually high, 
a large supply of air is desirable, uot only for the respiration of 
those present, but also for the purpose of renewing the air 
quickly, so as to moderate the heat pri)diiced by so many on a 
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timf 9e iiuimiiti; sad far cia ^terlsra been in a tlaise 
Cfvvd, ewem m^m^ftm air, wttbrnA ■'HJeJag, tkftt, in fiarticiilar 
iMes «f ^e wiBtkftf, tfe alBs^hav araaad becones offensiTi 
lilMiiillj dmaf tlie iTMomro ^ tfe sm, and in a calm dajj 
wWn tkre is mMamg ta detassDC aaj regdarnoreaient in the 
aJr, and whea ilie extanal tempefatiifF approxizaateg to tlaat of 
the httman orame. 

417^ It appears to be notTerflallj adnht^d, tbal a low diet 
dtntiirisbea the neeesBTtj for ntncli air, and that^ on the other 
hand, where there i§ little air, tbere ^mioC be a great appetite 
for food. There are no pmods accordinglTj if we except a 
peri*>d of serere hodily exerci^ej where the con^titEtion demands 
snch a Tariety of sapply as immediatelY before and after dinner ; 
^id, in the present state of soeiet j, a lai^ share of the evil n^ 
uiifrequently attendant opon a dinner party, does not i^wayl 
arise so much from individuals having taken more than their con- 
st itution req aires, 'but rather from the ritiated air with which 
the system is usually surronnded at such periods. Some yeai 
ago, about 50 members of one of the Royal Society Cltibs 
fidiuburg'h, dined in an apartment 1 had constructed, wliei*e^ 
though illuminated by gas, the products of its combustion Wi 
essentially excluded, as they were all removed by a ventilating 
tube connected with, but concealed in, the di^op of the gotliic pen- 
dant in which the central lights were placi?d» Large quantities ^j 
of a mild atmosphere were constantly supplied, and parsed iQ^| 
(jtiick succession through the apartment throughout the whole 
evening, the effc-ct being varied from time to time by infusing 
odoriferous materials, so that the air should imitate successively 
that of a lavender field, of an orange grove, &c. Nothing very 
Hjiocijil waR noticed, during the time of dinner by the members ; 
Jiut Mr llarrv, oi" the British Hotel, who provided the dinner. 
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rhd, fVom the Diemhersi of tlie club being- frtj(|uently in the habit 
of dininsf at his rooms, was familiar with their constitutions, 
showed the committee that three tiinc&s the amount of wines had 
been taken that was iisnally consumed by the same party in a room 
lighted by gas, but not ventilated — that he liad been surprised 
to obserFc that gentlemen whose usual allowance was two glasses, 
t4K)k, witliQiit hesitation, as much as half a bottle — that those 
wlio were in the habit of taking* half a bottle, took a bottle and a 
halll and that, in short, he had been compelled twice to send hack- 
ney-coaches for additional supplies dunng dinner, though he had 
provide^i a larger supply than usual, considering the circum- 
stances under which the members met. 

418, Minute inquiries afterwards assured me, that no head- 
ache nor other injurious consequence bad followed this meeting, 
nor was any of the members aware^ at the moment, that they 
had partaken more heartily than usualj till Mr Barry shewed 
them what had taken place. The meeting included individuals 
of all ages, and of extreme rariety of oceupationsj among whom 
there were judges and members of Parliament^ medical men and 
members of the bar, naval and military officers, whose different 
a^es varied as much as their very various professional occupa- 
tions. 

419, Tliongb the illustration now detailed is important, in 
placing in an extreme point of view the power of a pure atmo- 
sphere, supplied freely without offensive currents, the facts illus- 
trated must be more or less iamiliar to all who have paid any at- 
tention to the influence of the air upon the appetite, and en- 
tii*ely in unison with the statements made by manufacturers, 
whose men are reported to have struck for wages where a good 
gystem of ventilation hatl been introduced, as their former wages 
were insufficient to procure them the increased amount of food 
which their appetites now demanded. 

No argument indeed is more common against ventilation, 
among many, than the expensive appetite it maintains. It is 
not nt*ce8sary now to go to workhouses or manufactories to trace 
the operations of a vitiated atmosphere in ini paring the appetite. 



182 DINNER AND REFRESHMENT ROOMS. 

tlie great attention paid to them of late years haying rendered 
some of them examples of a fresh and wholesome atmosphere. 
Nowhere is it seen more distinctly than in nnmbers of the re- 
freshment-rooms in which this great metropolis abounds. Many 
a hard-worked clerk too often imagines he has had enough for 
his support, because he has taken all that his appetite permitted ; 
whereas the saturated atmosphere in which he dines may haye 
reduced his appetite by a half, and made him contented with an 
inadequate supply. The profbs, in numerous such rooms, would 
diminish largely were they well yentilated, and were the appe- 
tite equally satisfied at the same time. But the subject is as yet 
yery imperfectly known, and escapes, in a great measure, at pre- 
sent, the attention of both parties. Unquestionably, howeyer, 
the landlord or proprietor of ill yentilated refreshment rooms has 
no right to charge at the same rate as those that haye their apart- 
ments well yentilated. 

420. In the same manner, when a house, preyiously subjected 
to a bad atmosphere, has been well yentilated, the expense of 
wine and refreshment is generally considerably increased; and^i 
fete given in an ill yentilated apartment, crowded to suffocation 
and saturated with moisture, is yery economical in general, com- 
pared with that wliicli has to be provided in a flowing atmo- 
sphere. 

421. The more the reciprocal action of the amount of air 
supplied in the habitations of men in improving their appetites, 
and of the effect of an increased consumption in rendering es- 
sential an increased supply of air, is attended to, the more im- 
portant will its influence be found in regulating the tone of 
health and the general strength of the constitution ; but we must 
now advert to other considerations bearing on the necessary sup- 
ply of air. 

422. A free and powerful current rather tends to exhaust 
and waste the constitution, when imperfectly supplied with food. 
Farther, if its temperature be low, the want of sufficient food to 
produce an adequate evolution of heat by the chemistry of diges- 
tion and respiration, renders it equally important to restrain the 
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cooHd^ influences of large quantities of aii*. But when the system 
is* in a different condition j wlien tlie supply of food is abundant, 
raucli air h required to carry on the processes refeiTed to, and to 
[iromote that insensible exhalation which peiforms so important 
a function in the Hring frame. 

423. If we look to the influence of the Jimount of moisture 
in the air, it will be found to affect, in an extreme degree, the 
supply that the system requires. In the polar regions, as in 
CaptaiJi Parry's voyages^ which we liaye already had occasion 
to i*eier to, the moisture of the breath and of iuBensible eidia- 
lation was condensed in la^ge quantity from the lowness of the 
temperature, and the air, eyen in the cabins, was left accord- 
ingly comparatively dry ; but in a humid atmospliere, in a warm 
climate, as at the deltas of many of the gi^cat riverSj the air 
being satni'ated with the moistm-e abounding in it, proves a com- 
parative barrier to the exhalation from the lungs, and from the 
surface of the body ; the balance of exchange between the sys- 
tem and the external air is no longer sustained in the same 
ratio as formerly ; an extreme condition is induced, the very 
rQverse of that whicli is observed in cold countries, and hence a 
supply of one cubic foot in these cold countries may, in some 
respects, prove more powerful than that of 100 cubic feet in 
the delta of the Ganges, in its power of absorbing moisture from 
the body* 

424* These considerations, and the result of actual experi- 
ment in this country, which has satisfied me that a supply of 
100 cubic feet of air on some occasions does not give so much 
relief as tTiat of a few cubic feet in others, will shew how nume- 
rous the difficulties are in making a correct approximation as 
to the quantity of air that may be considered to afford an ave- 
rage supply. The great point should be, to study the condi- 
tion of the system, the quality of the air supplied, and the cir- 
cumstances under which it should be brought into action, and 
to make the necessary adaptations accordingly. Some circum- 
sstances are so important in modifying tlie necessary supply of 
air. that they ai*c considered in a separate chapter. 
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CHAPTER VIII 

CAUSES MODIFYING THE SUPPLY OF AIR REQUIRED 
FOR VENTILATION. 

425. From what has been stated aboye, it will be seen that 
many causes modify much the amount of the supply of air re- 
quired for yentilation, among which the following must be more 
particularly mentioned : — 

I. Temperature, 

426. The principal point that demands attention, in looking 
to temperature in connection with ventilation, is the very differ- 
ent effect produced by the same atmosphere, at the same tem- 
perature, according to the rate at which it moves. The usual 
practice in all ordinary cases, where the state of the yentilation 
may be the subject of complaint, is to appeal to the thermo- 
meter. But nothing is more fallacious in respect to the in- 
fluence the air may be expected to produce upon the feelings, 
if we trust to the thermometer alone. Air, under ordinary 
circumstances, in this country always exerts a cooling power 
upon the system, its temperature being lower than that of the 
human frame. If the air be stagnant, little effect is produced, 
because a minute quantity of air only comes in contact with the 
body in a ^ven time. But if the wind blow freely, many suc- 
cessive quantities approaching the body within the same time, 
a much greater amount of heat is withdrawn, and a much more 
marked effect is consequently produced. An atmosphere at a 
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vory low teiuperature is not danj^erous in a calm ; but if it begin 
to bU>w, the fayce or hmbs may soon be frost- bitten. So far, 
th£?n, as mere temperature conies into play, atmofspheres per- 
fectly eqiiiTaleut in respect to their calurific or frigorifio influence 
upon the human frame, might be obtained at temperatures vary- 
ing witli the velocity. An atmosphere cold and offensive to 
the feelings, might immediately be rendered pleasing and agree- 
able, by reducing its velocity ; or, on the other hand, an atmo- 
spbere sultry and oppressive from its high temperaturCj might 
be rendered cool and pleasant to the feelings by increasing its 
velocity, pinivided its temperature be actnally below that of the 
human frame. When the temperature of the air has reached 
that of the body, no yelocity can give it a cooling poiver, except 
this be done by promotin^^ evaporation, and when a liigher tem- 
perature has been attained, it necessarily produces a greater 
and greater impression of heat, according to its velocity ; i, e* 
according to the quantity supplied in a given time. 

427, In this country, so far as I have been able to observe, 
a temperature of ^b"^^ with an atmosphere moving in a very 
gentle stream, so as not to be perceptible, unless very marked 
attention be paid to it, is the most generally agreeable in rooms 
that are not overcrowded, But in all apartments, if the numbers 
on a given space be great, it is difficult to sustain a uniform 
temperatures unless a very gi^eat movement of air be induced 
within a given time. In many cases, when the movement of the 
air is restrained, though the temperatiu'e of air permitted to 
enter by tlie floor may be only 60 , it is found to rise to a tem- 
perature between 70 and 80° before it reaches the head, if the 
crowd be very great, 

428- In the lower deck of a man-of-war, I have repeatedly 
noticed a difference of 11 and 12 degrees in winter between the 
temperature at the floor of the lower deck, where the air was 
permitted to enter, and that of the atmosphere about five feet 
above on the same deck, where the hammocks were suspended. 
In railway coaches, ordinary mail coaches, and other vehicles, 
during winter, a difference to the same amount may be fi'e- 
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qucntly observed, if the windows be shut and no ventiiatMil 
permitted, between the temperature of the air around the head, 
and that in contact with the foot. And, in general, it ma; k 
noticed, that the play of aerial currents often presents yery great 
differences of temperature within spaces exceedingly near, and 
even within the same apartment, so that, in the erect posture, 
the feet may be exceedingly cold, while the head is oppressed 
with heat ; or, air may be tolerable in the body of a theatre, 
and oppressive, in the extreme, in the galleries ; or it may 
be only comfortable in the latter, and intolerable, from its cold 
below. 

429. The habit, the clothing, the condition of the system at 
the moment, and many other circumstances, particularly the 
amount of exercise taken, and the extent to which the faculties 
of the mind are engaged, greatly influence the desire that may 
be entertained for maintaining the air at particular tempera- 
tures. 

430. Some constitutions appear to be endowed with a power 
of resisting cxtrt uies of heat and cold, which in a short time 
would prove fatal to others ; and it must be evident, that the 
functions of their frames must enable them to produce more 
heat than other individuals can do, or that a less supply is ade- 
quate for the wants of their system. 

431. Again, the constitution of the same individual may oc- 
casionally undergo gi*eat changes from particular circumstances, 
such as, periodically, and on a smaller scale, it experiences in a 
single day from the varied occupations in which he may be en- 
gaged. 

432. A native of this country, on going to a colder climate, 
may be seen continually exposing himself at first, without injury 
or inconvenience, to temperatures such as the inhabitants do not 
think of encountering, without an amount of protection consi- 
derably beyond that which he thinks of using. In the same 
manner, if he shall have been long in India, he does not feel 
the severity of the cold so much during the first winter, as in 
the second or third winter after he has returned home ; and in 
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I '^'>lder climates it is ftuniliarly known, tliat by exposure to a 
I P^jfrerM fire bclare undertaking short journey s, whore the sys- 
is exposed to considerab!o seyerity of cold, the traveller 
ppears to deriye more benefit from it than is considered snffi- 
^dently accounted for by the mere amount of heat which may 
bare been eommnnicated. Many are of opinion, tliat some far- 
ther and peculiar change is developed in the body by the action 
of exeeBBive heat, but no satisfactory explanations have been 
giTen, and a more minute inquiry is still necessary to establish 
all the facts of the case. 

433. In conclusions it may be stated, generally, on this 
point, — 

1 . Tliat a temperature of 65^ is the most generally agree- 
able to those who are not engaged in bodily exercise* 

2. That the demand for heat varies extremely in different 
individuals according to constitutional peculiarities, diet^ clothing, 
aod many other circumstances, as exercise j excitement, and time 
oflife, 

3. Thatj in the same individual, the temperature most agi^ee- 
able to him often varies many successive times during the day, 
according to the manner in which he is occupied. 

4. That the temperature should be lower and lower, the more 
recently any refreshment may have been taken, and the larger 
the amount consumed. 

5. That wlien the constitution is exhausted by long continued 
watching and attention to objects involving no bodily exertion, 
tlie temperature may bo elevated advantageously by several de* 

S. That the velocity of the movement of air around the per- 
son is an essential element in all questions m to temperature. 



II. Moisture. 



434* Next to temperature, few circumstances exert so mai'ked 
an f effect njion the influence which air exerts upon the human 
frame, as tbe amount of moisture associated with it. In consi- 
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rfering this question, it must h^ remembered that the v^hole stii^ 
fuc© of the body, as well as the interior surface of the lu^ngs, may 
be considered as a vast and extended field covered with millions 
of millions of pores, from which moisture is continually escapiB 
in certain states of the atmosphere, while on other occasions 
may he absorhed, A certain amount of evaporation is essentia 
to health, and, in particular, fur effecting or ftieilitating the 
charge of various materials that accompany the moisture exhaled 
from tlie living body. The odour of numerous substances be- 
comes apparent in the breath of the lungs, very soon after the^ 
have been taken into the system ; and it is not unreasonable 
suppose that various peculiar materials of an animal nature may 
be discharged through the same channel, though their precise 
nature may be unknown. Farther, the mere evaporation of water 
from the surface of tlie lung^ and of the skin must he attended 
with important resultsj relieving thereby the system from any 
superfluity, and affording, at the same time, marked relief in 
warm weather, by the reduction of temperature that accompanies 
evaporation. 

435. But air saturated with moisture could not dissolve^ 
more, were its temperature not elevated as it comes in cont 
with the body. If air be already at the temperature of 98*', and 
saturated with moisture^ it cannot promote any evaporation from 
the body; but, if saturated with moisture, at 50'' or 60^, it 
exerts an increased dissolving power as it rises in its temperature 
when warmed by contact with the frame, and its ultimate dji 
solving power bears a proportion to the amount by which it 
temperature is so elevated, and the quantity of moisture pre^ 
viously associated with it. The drier the air^ the greater is its 
dissolving power, when it has attained that temperature which it 
receives by contact with the body, 

436. In winter, the air, when extremely cold, is proportion 
ally free from moisture* Its temperature could not fall withou 
this being accompanied by the deposition of a large amount 
moisture, should it previously have held it in solution. Whati 
then, is the efl'ect of sncb cold and dry air I Tlie moment : 
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m in contact with the body, it rapidly dis3QlT«>B moisture 
it ; and so cjuickly is tlie moisture taken away, especially 
|thc temperatui*e of the air shaU have been previously increased 
fore it touclies the body), that the skin is leil harsh and dry, 
e nostrils and fauces are similarly affected, they feel dij and 
*1^8ty, and a disposition to cough ensues. These are tlie natural 
effects of dry air actings upon the system ; the very moisture that 
essential to the membranes that line the cavities mentioned is 
lartly evaporated, and they lose some of these physical qualities 
that are necessary ibr the due pei'formance of their functions. 
Bnt, if such air had been heated by the appi-oach of spring and 
summer, what would its condition then have been I It would 
hare been more moist. It would have picked up moisture from 
the ocean or from the moisture of the gi'ound with the returning 
warmth of the season, Hence^ then^ such air eonld not hare 
beciime warm by natural operations, without, at the same timej 
acquiring moisture from external sources. Wc are, therefore, 
emphatically told by such illustrations, that if we warm air arti- 
ficially, we ought to communicate moisture to it before permitting 
tto approach the human frame. The true time, accordingly, 
len moisture ought to be applied to air, is not when it is wai'm 
spring and summer (unless in very hot climates with the view 
reducing temperature), but as it is warmed artiticially in 
nter. 
437, It is commonly ^aid, that air is damp in winter, but here 
it is most important to distinguis!i between the dampness produced 
by moisture and precipitated from air by cold, which approximates 
to rain, and is therefore mechanically mingled with the air, and 
the moisture held in perfect solution or association with the air 
in. summer. The air feels drier in summer than in winter in 
is country, not because there is more moisture in the air in 
e winter, — the reverse is the case ; but because the dampness 
precipitated upon us in winter, whereas in summer, though the 
amount of moisture be greater, the higher temperature gives it 
more jjcrfect solution, and diminishes its tendency to leave the 
and pass to the human frame. 
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438. Few circumstances exert a more marked and poweriiil 
influence upon the frame among those who may pass from one 
climate to another, than the amount of moisture in the atmo- 
sphere. We hare only to look to the ma|?uitnde of the fimctions 
of respiration and transpiration, and to the sudden changes that 
may be induced in the system by passing to an atmosphere more 
or less absorbent of moisture, or more or less powerftil in pro- 
moting evaporation. And if a change of diet and habits be not 
made in unison with the great change of physical condition in . 
the elements with which the body may be surrounded, disease 
must be considered the natural result of the changes that may 
have been encountered. 

439. An atmosphere loaded with moisture may still be capa- 
ble, as has been mentioned, of dissolving more as its temperature 
is raised ; and even though the increase of temperature be very 
slight, still it will be sufficiently apparent, that, if the quantity 
of air brought in contact with the body in a given time be 
greatly increased, the amount of moisture dissolved will also be 
increased ; for as, in a windy day, evaporation proceeds with a 
rapidity proportional to the quantity of fresh air that passes 
over a moistened siu'fiicc in a given time, and the dryness of the 
passing air ; so, in tlie same manner, a large amount of air, com- 
paratively moist, may dissolve as much moisture as a smaller 
amount of dry air. 

440. Again, moisture devclopes the power and activity of 
many substances that are often otherwise comparatively inert. 



III. Light 

441. The influence of light upon the human frame has not 
been studied with that minuteness which the subject deserves. 
Nevertheless, many circumstances are known, from which there 
is reason to believe, that it exerts as powerful an influence upon 
tlie animal economy as it does in the vegetable kingdom. 

442. Instances have been detailed, where the influence of 
light has been considered to have prevented disease; one in 
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part-icular oiay be noticed, which Sir James Wylie, of tlie im- 
perial E^ussiaj! service, pointed out to me at St Fetersber^li, in 
one of the barrackg there, in which about three cases of disease 
occurred in the dai*k or shaded side of the h arracks for one iji 
the other, tliough the apartments in both of these sides commu- 
nicated freely with each other, and the discipline^ diet, and 
treatment was in eTei^ respect the same. Again, many indivi- 
duals labouiing under astlimatic aifections are extremely sensitive 
to the action of light, and often feel as if some sustaining power 
had been ivithdrawn from them, when they are removed from the 
light. 1q many cases also, I may add, that I could not resist 
tlio impression, after various experiments on my own respiration, 
tliat I recovered more rapidly when exposed freely to light as 
well as to air, than in any other way. In cities placed on the 
Btdcs of hills, or on both sides of a river, with precipitous banks, 
medical men hare observed that houses not much subjected to 
the action of light are those in whicli disease most frequently 
(K*eurs. 

443. Again, as bodies having different colours radiate very 
different rays of light, it is fair to infer that they must, in some 
respects, affect in different ways the varied materials upon which 
such light may falK And if modern times have shewn the 
powerful and exti*aordinary daguerreotypic influence exerted by 
the rays of light upon dead and inert mineral bodies, it may be 
concluded that the living and sensitive animal flbre is still more 
Bcnaible to its operation, 

444. I have been informed by Mr Hayj of the Edinburgh 
ropery works, that, in certain seasons, and under peculiar cir- 
cumstances, the rays of the moon exert a much more powerful 
effect in blcacliing flax in a single night, than the bright light 
the sun exerts in successive days at the same period. Dr Stark 
has also shewn that dilterent coloured cloths are prone to absorb 
and retain, with variuns degrees of intensity, different kinds of 
odoixjus matters ; and dyeing operations which succeed well in 
one country sometimes prove a complete failure in others, from 
the intensity of tlie rays of light being different in each. 
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445. Further, direct experiments in white, black, green, and 
other painted rooms, ha^e also led me to iuiai^ne that a very^ 
diderent influence h produced upon the body by rooms different!]! 
painted, though they may be precisely similar in other 
spects* 

446. These considerations, and many others that might be 
added, haTe led me to join with those who not only eonBider a 
positive and imj>ortant phydcal effect to be produced by ligfht 
in it« action upon the human ftuine, but that there may be other 
powers constantly in action upon the system, whose precise na- 
ture or influence it may be difficult to explain or define with 
precision. Every human being necessarily exchanges ray a of 
heat and light with every other wliom he may recognise, and, 
w^ithout entering upon eases where it is obvious that the imagi-^ 
nation has been powerfully affected, there still appears abundant 
evidence to shew, that, as yet, we are only approaching tlie 
threshold of investigation, in reference to some of those sources 
of power whose operation on the system has been unequiyocally 
demonstrated. I 

447. In the vegetable worlds the powerful influence of the 
rays of Hglit in promoting the evolution of oxygen and tlie ab-^ 
sorption of carbonic from the air, has long been familiarly luiown^ 
and it is not unreasonable to presume^ that the distressing effects 
which have been noticed in some invalids, when light did not ^ 
play freely upon the person, may have depended on minute 
changes taking place under the influence of light, w^hich did not 
ensue, or at least w^ere of a different chai^acter from those that 
proceeded in the dark. 

448. Again, many constitutions are 80 sensible to the inflti^ 
ence of different species of radiations, that those proceeding 
from particular lamps affect them powerfully, compared with' 
those tliat proceed from others. And independent of the amount 
oi^heat that may emanate from them^ and which maybe a special 
eause of offence, even the condition in which the light escape 
has a markeel effect upon some indivi duals, — obscuro<l glassegs,' 
and those retracting unequally, producing a painfid sensation to_ 



REQUIRED FOR VENTU-ATION — LIGHT. 193 

many who can I*>ok with satkfaction on the well defined otitlinu 

of a naked ligbt, 

449, It would be difficuJt to specify the precise extent to 
which such causes influence the amount of air necessary for ven- 
tilation ; but CTcry thing that increases the temperature, and the 
activity of the system, and induces any kind of uneasiness, h 
almost invai*iably relieved, to a certain extent, by increasing the 
amount of air supplied, though it is perhaps impossible for any 
ane but the individual himself to say precisely the condition of 
atmosphere that is most congenial to the feelings under such 
eixcum stances . 



450, The extreme and intimate connexion that subsists be- 
tween the electric condition of all kinds of matter and the other 
physical changes of which they are susceptible^ has become too 
well known of late yeai'S to require any extended notice in this 
place, more especially as precise facts, which lead to valuable 
results in practical operations bearing on health, are not yet 
numerous. 

451. A very large body of information has been procured, 
liowever, which proves the incessant change in electrical opera- 
tions going on at the suiface of the globe ; and in the proceedings 
of the London Electrical Society, as recorded in the interesting 
jotirnal published nnder the direction of the society ^ important 
observations connected with the electrical state of the atmosphere, 
the state of the weather, and the presence of disease, have been 
made, which will probably lead to very curious and useful con- 
clusions, in respect to the effect of electrical influence in sustain- 
ing health or inducing disease. An extract has been given in 
a former page (165)j to shew the general nature of the observa- 
tions recorded. As a general summary, it may be convenient 
to bear in mind the following circumstances ; — 

1. Electrical changes accompany all cases of chemical action, 

N 
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whether they ensue in the mineral kingdom, or in the varied 
changes connected w-ith animal and vegetable life. 

2. The body may be excited positively or negatively, or it 
may be neutral in respect to the materials with wliich it is sur- 
rounded. Its precise electrical condition probably fluctnates t* 
incessantly with change of diet or exercise, as well as in con- i 
nection with atmospheric changes. 

3. Particulai' ridges, hills, or other districts, may be pecu- 
liarly subject to atmospheric electrical changes. 

4. In many places, but more particularly in hilly countries, gcj 
the electricity may often be noticed descending in a stream, tij 
when the fingers ai'e held up in the air, a rustling noise being 
perceived, not unlike that which is produced by approaching the j^ 
hand to a powerful electrical machine. t- 

5. Brilliant sheet-lighting in one place, generally indicates 
a powerful thunder-storm in another and more distant situation. 

G. Some constitutions arc much more prone to electric excita- j^ 

tion than others, or much more easily affected by electric changes. jju 

The stato of the clothing also affects much the electric condition of w 

the body. Some individuals placed on an electric stool, and sur- ^^ 

charged with electricity by the common electrical machine, evolve 
electricity so freely that scai'cely any symptoms can be obtained 
of its presence on applying a conductor ; while others, with a 
similar chai'gc, give abundant indications of its presence, as it does 
not pass off so readily from them to atmospheric air. In passing 
the electric shock tlirough a number of individuals, it has been 
ascertained that some persons are much better conductors of 
electricity than others. 

7. When the body is in a higli state of electric excitation, the 
air ai'ouud it is changed freely and rapidly by the influence of 
the electricity upon the suiTOunding pai'ticles of air. But, when 
the system is not much exerted, the air is apt to stagnate around 
the person. 
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462* The human constitution appears to have the same faculty 
of accommodation to the varied pressure of the atmosphere whicli 
it alsooxhihits in respect to lieatj moisture, and other atmosplieric 
iafluences. Every variation from the ordinary range of density 
to which it ia subjected, must necessarily induce peculiarities of 
tension throughout the whole frame^ and aftbct more especially 
the cells of the lungs, the pores of the skin, and the cavity of the 
cranium. It cannot be questionedj that some of these sensations 
which are familiar to every constitution, but more particularly 
to the invalid, and which are dependent on a change of weather, 
are more pcculiai*ly associated with a rise or faQ in the barometer. 
In asthmatic cases j this may be particularly noticed, and also in 
others connected with disease in the respiratory organs. The 
tendency to exhalation fi-om all surfaces^ and the amount of ex- 
pansion in all the more compressible tissues, mnst unquestionably 
increase with the fall of the barometer. The relief afforded in 
peculiar cases by a change iu tlie pressure of the atmospherCj is 
abundantly testified by the results of the daily experience of 
medical men ; and cases are not wanting where patients have 
placed themselves for considerable periods in atmospheres of 
peculiar density^ which hare given decided relief, these atmo- 
-spheres having been produced by the action of air-pumps, which 

ave the density required. The patient must he placed vir- 
tiially within the receiver of a forcing or exhausting air-pump ; 
thoughj from its magnitude and fonn, as well as the mat^^rials of 
whicli it is composed, it may be^' little resemblance to the ordi- 
nary air-pump receiver. 

453. The amount of aii' supplied to the hlood in the lungs 
must obnously vary at each inspiration, according to the density 
of the atmosphere inspired. From this cause, then, more air, 
hj more frequent inspirations, may he requisite when the baro- 
meter is low, that a proper supply may he obtained. 

454. It will also be apparent, on considering the influence of 
the pressure of the atmosphere, that hoemoptyeis may be appre- 
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hcndcd to increase on a sudden fall of the barometer, from the 
diminished resistance which the blood-ressels present to the pres- 
sure of tlie hlood within ; and the annals of medicine notice rari- 
ous cases in unison with this opinion. 

455. But the influence of a variation in the height of the 
barometer, is, perhaps, more familiarly known by its effects upon 
sta^ant i)0ols and marshes, and all materials loaded with gaseous 
products, whether formed by the process of fermentation, putre- 
faction, or other operations. The efBuvia from drains and 
marshes, and the fire-damp of mines, may be taken a,s well- 
known exami)lcs of matters subject to such changes. If these ^ 
be, in a groat measure, pent up, by the pressure of the atmosphere, 
in those bodies from which they are discharged, the amount 
evolved being coniijarativoly trifling, a sudden fall of the baro- 
meter innncdiatoly causes tlieir liberation, which is much more 
excessive at first than afterwards. But a rise of the barometer 
is equally accompanied by a diminution in the facility and ra- 
pidity with which such products are evolved. 

466. The influence of the pressure of the atmosphere is ac- 
cordingly most impoi*tant in low, confined, and marshy situations, 
Bubject to unwholesome exhalations ; the greater the extent to 
which the barometer falls., the greater is the necessity for pro- 
Tiding againflt the emanations that then ensue. 

Tn addition to the more general causes modifying the 

air required for ventilation, which have now been enu- 

nd the purity or impurity of the air respired, many 

iooflly present themselves to our consideration which 

/ important, and without attending to them ventilation 

Dt proceed satisfactorily. 

38. Among these we may enumerate, — 

Age, 

Temperament, 

Habit, 

Health and Strength, 

Diet, 



I 
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Excitement, 

Previous Exposure, 

Mental Anxiety, 

Artificial Illumination,* 

The Nature of the Occupation, 

Exercise, 

Fatigue, 

Clothing, 

Draughts and Currents. 

All these, and numerous others which might be mentioned, were 
we to enter more into detail, especially the impurities or nature 
of the exposure in particular workshops, manufactories, or out- 
door works, must evidently tend to influence the amount of air 
that is grateful to the system, and desirable for health. It is 
only necessary here to state, that, when any vitiated air is pro- 
duced by a gas-lamp, or other artificial lights, or by any manu- 
facturing operation, or any minute dust from iron, stone, or any 
other material, too much importance cannot be attached to the 
desirableness of involving it directly in a stream or current of 
air, by which it is conveyed to a channel where it cannot possibly 
contaminate the air of respiration. 

459. This direct removal of noxious products, renders the 
change of the whole atmosphere, by any extended measures be- 
yond those required for ventilation, altogether unnecessary. If 
the products referred to once mingle with the general atmosphere 
in which they are produced, though they may be much diluted, 
it is more expensive in this, than in the preceding manner, to 
sustain a wholesome air, from the quantity that must be removed 
to maintain it tolerably pure. 

* Some individuals are very sensitive to the nature of the radiation from 
particular lamps, even where the products of combustion are completely re- 
moved. 
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ON VITIATED AIR. 



460. Air is apt to be contaminated with numerous impurities, 
natural and artificial, which would soon accumulate, in particular 
districts, to such an extent on the surface of the ground as to 
render it unfit for use, were they not dissipated and difPhsed 
through the great body of the atmosphere, by movements conse- 
quent on their production, and by the wind, or consumed by pro- 
cesses which tend perpetually to alter such products, as constantly 
as they are deyeloped, and maintain the atmosphere in its usual 
condition. In a practical point of yiew, the following impurities 
require most frequent attention, in connection with the history 
of ventilation. 

I. Carbonic Acid Gas. 

461. This compound is heavier than air; and is by far the 
most common impurity met with in the atmosphere, being formed 
during respiration, by the combustion of all carbonaceous com- 
pounds, by putrefaction, fermentation, and numerous operations 
of art and nature ; in particular, it is evolved in enormous 
quantities by some volcanoes. It cannot support respiration nor 
combustion. Any animal, placed in an atmosphere of carbonic 
acid gas, falls down insensible, and, if not speedily relieved, soon 
dies. K the body be surrounded with this gas, and pure air be 
'applied to the lungs, the skin assumes a reddish appearance, 

flr irritated by the action of the acid. 

In general, when any attempt is made to inspire pure 
dd, a convulsive movement, induced at the entrance to 
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the winilpipe, closes tlie aperture, and prevents its ingress. In 
Bonie cases, there is reason to believe that the raovement has not 
hoan sufficient to exclude the carbonic acid, and immediate death 
lias ensued. It is not known that there is any hope of recorerfj 
wlierc carbonic acid freely enters the lungs. Whei'e fainting is 
induced, at first, the gas being altogether exclndcd, or whore the 
^as enters in a state of considerable dilution, death is not neeea- 
sai-ily immediate, even where it may ultimately ensue. Some 
individuals work habitually in mines and other places, where 
from one to two per cent., and perhaps still larger qnantitieSj of 
carbonic acid are present. Bnt death has ensued in some pecu- 
liar caseSj it ha^i been affirmed, where there was only one per 
cent. Any ordinary atmosphere containing one per cent, of 
carbonic acid, must be regarded as of very inferior quality, and 
not fit to gnstain healthy though in numerous apartments a much 
more vitiated air may be observed. Air containing ten per cent. 
of carbonic acidj and other impunties of less not4.% a considerable 
amoimt of moisture, and, at the same time, at a high temperature, 
eonstituted the most impure atmosphere charged with carbonic 
acid to which I have been exposed ; nor am I aware that I conld 
have resisted its action for any considerable period, had its influ- 
ence not been gradually developed, as the pure air in which the 
experiment began bad successive quantities of carbonic acid com- 
municated to it, 

463. A\Tien carbonic acid is present in smaller praportion 
than is necessary to prodnee an immediate and overwholming 
efliect, it induces a trifling hcadach or intolerable oppression in 
endless gradations, according to constitutional pecnliarities, and 
fiiflerent circumstances connected with the state of the atmo- 
sphere in which it acts. When conscionsness begins to return 
after the more severe influence of an atmosphere almost suffi- 
cient to cause death j has passed awa}% the sufferer is sometimes 
for houi'S unable even to moan, so as to attract the attention or 
give warning to those in adjoining apaHuients, and the head 
feels literally as if it were a mass of lead, chained iramoveably to 
a rock from which it cannot be liberated. 
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464. The system may be become habituated to the actioii 
of air charged with increasing proportions of carbonic acid, in — 
the same manner as it can be accustomed, by long habit, to ex — 
cessive quantities of beer, wine, spirituous liquids, opium, and-J 
other substances ; and hence individuals may be constantly ob- 
served with all their faculties in full activity, in an atmospheres 
that almost induces a soporific effect upon others not accus — 
tomed to it ; but a general reduction of strength, and firmness^ 
both of mind and body, accompanied by an inferior appetite, in — 
variably attends long and frequent continuance in such atmo — 
spheres. 

465. The hygrometric condition of the air affects much the^ 
influence of carbonic acid. 

466. The long-continued action of a small proportion oflS 
carbonic acid, which does not produce much annoyances 
at first, may ultimately produce the most injurious conse — 
quences. 

467. The lower the tone and strength of the constitution, the^* 
more alive does it become to the depressing influence of air con- 
taminated with carbonic acid. The old and infirm sometimes 
sink in an atmosphere of which the robust and vigorous may tak^ 
no notice. 

468. When the quantity of carbonic acid is reduced to a 
proportion, varying from 1-lOOOdth to a l-2000dth part, 
it does not produce deleterious results. Common air contains 
a minute proportion of carbonic acid, even at the highest altitude 
at which it has been examined. 

469. Carbonic acid, though heavier than air, does not sepa- 
rate from it, as many still suppose, after it has once mingled 
with the air during the process of respiration or combustion. 
Carbonic acid, when pure, or air largely charged with it, tends 
to fall on the ground like water, when poured from any vessel 
into the open air, as it is produced in breweries, in old wells 
and pits, in the Grotto del Cane, in the Valley of Death, and 
similar situations, or during combustion in a limited atmosphere, 
and in experiments in the laboratory. In all cases where the 
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amount is considerallo, it tends at first to accumulate in carities 
on the surface of the ground. 

470< No proof has yet been afforded that it erer separates 
from the air, except by the operation of special agents, when it 
lias been once diffused through it, (See Diffusion of Gases.) 

471' Carbonic acid being the principal impurity communi- 
cated to air in all ordinai'y apartmentSj the amount present may, 
in general, be taken as an index of the state of the atmospherej 
and of the efficiency of any ventilating arrangements. During 
the last seven years, I have constantly ai^plied tests for carbonic 
acid for this purpose j and in some cases fifty individuals have 
taken specimens of air from different buildings at the same 
time, and, on looking to the indications presented, any one could 
tell the leading character of the atmospliere from which the spe- 
cimen was taken* It is scarcely necessary to remark, that a 
precise analysis is not requisite for ordinary pui*poses ; but au 
approximative estimate may be easily formed^ with apparatus so 
simple, that any one, with very little trouble, might test the air 
for himself. 

472. At the same time, I must mention, that, in a very re- 
markable case where the all* was very oppressive, in an extreme- 
ly crowded apartment, I found but little carbonic acid, so that 
I have been led to infagine, that, under peculiar err cum stances, 
the evolution of carbonic acid may he diminished to a certain 
extent. In another case, which presented to me the most of- 
fensive atmosphere I i*ecollect t-o have encoiintered, viz., that 
in a dark and almost air-tight cell in a prison at Stockholm, 
where a refractory person had been coniined for a considerable 
period, who looked wild and alarmed as the door was opened, 
there was only a minute trace of carbonic acid. With these 
two exceptions, which have not shaken my confidence in the 
general result of the indications I have obtained, I have always 
found the amount of cai-bonic acid in unison with the impurity 
of the air in ordinary apartments* When the system has been 
exhaling moisture freely in an atmosphere well adapted for this 
purpose, and in a flowing cun^ent of air which facilitates eva- 
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porfttion, the sudden stoppage^ or at leai^t the great reduction^ 
in the amount of esthalation that mjmt ensue, both from the 
lungs aud from the surface of the hody, on a eudden transition 
Into an apartment eontaiuiug an atmosphere saturated with 
moistnre, must, of itself, he a source of grQBi uneasines.s, eren 
irhere the amount of earhonic acid may be trifling. There are 
cases also, wliere minute quantities of gas, or of particular odo- 
rous effluria, are extremely offeusiTe to some Individuals, while 
others are not sensible of them. 



n. CARBOirrc Oxide. 

473, This gas is produced in cases of impertbct combustion, 
where tliere is much carbonaceous matter ; it is very commonly 
GTolvotl from all cinder-fires in a low state of combustion. Where a \ 
blue flame is seen upon the surface of the fuel, the carbonic oxide is 
subseciuently conBurae<L It has been considered by many to be still 
more riolent iu its action on the animal ecouomy than carbonic 
acidj but it is difficult to draw comparisons, where few trials have i 
been made, the result baring been nearly fatal iu tlie only ex* 
periment recorded. Carbonic oxide contains the same elements 
as carbonic acid, but less oxygen. In all cinder or coke fires, 
having a thick bed of fuel, carbonic acid is formed below, and | 
changed into carbonic oxide, as it receives carbon from the fuel 
above. It is iuflammable when heatedj cousumiDg oxygen and 
producing carbonic acid. 

474. CqaIj-GtAS is fatal to animal life; minute quantities are 
very offensive to many constitutions, and offensive also from the 
odorous or oily matters, and otber impurities, often associated 
with it. In mines, the fire-damp is not so offensive to the smell i 
as ordinary un purified coal-gas, though equally destructive of life 
when the body is immersed in it. Miners constantly work in 
atmosplicres where a very considerable proportion of fire-damp 
is present. The fire-damp is more uniform in its composition, 
aud contains less carbon, than coal-gas prepared artificially ; the 
latter also contains diflerent combinations of carbon and hy- 
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drogen. Coal-gas, evolyed in an open stream from a wide tube, 
accmnulates in the upper part of any still atmosphere, and may 
6>rm an explosiye atmosphere at the ceiling of apartments, when 
that on the level of the floor is comparatively free from it. 

III. SULPHURETED HYDROGEN. 

4:75. This is a frequent emanation from numerous manu- 

^^o-tories, particularly from gas and other chemical works. A 

^^antity, so small as not to exceed l-15,000dth part, has 

"Ooxi known to produce injurious effects on the constitution. 

Moistened carbonate of lead is darkened by air containing only 

-*-—S 0.000th part. To some individuals, air containing only 

■*^'^X. .000.000th part, or even less, has proved offensive ; a horse 

^^^Q in air containing a 250th part, and a bird in air containing 

p"^^500th part. Various animals have been killed by surround- 

^^^ the body with this gas, though fresh air was supplied to 

*^^ lungs. This gas is produced from sulphureous compounds, 

^ *x^n acted on by different substances, according to the condition 

^^ the sulphur, and the materials with which it is combined. It 

^^ a common product of the putrefaction of animal matter, and 

^1^0 of sea-water, when subjected, in a limited atmosphere, to 

^^e action of organic matter. Lime or mortar, which has been 

^^Hg exposed in drains, frequently evolves it abundantly when 

'^ixed with an acid. 

476. Dr M*William of the Niger expedition, has shewn that 
solphureted hydrogen is not contained in the waters of the Niger, 
and in numerous other specimens of water ; though the same 
waters, if kept in corked bottles to which a little air has ac- 
cess, uniformly produce it. In bottles hermetically sealed, and 
containing the same waters, no sulphureted hydrogen is pro- 
duced. 

IV. Sulphurous Acid. 

477. This C(Hnpound, and sometimes sulphuric acid, is evolved 



204 - HYDROCHLORIC ACID. 

in many chemical manufactories, and in certain processes tor eon' 
suming the products collected in purifying gas. It is the same 
offensiTC suffocating gas that is produced on burning sulphur. It 
is much more irritating than sulphureted hydrogen, but perhaps 
not so very pernicious to animal life. 

V. Hydrochloric Acid. 

478. Hydrochloric (termed muriatic formerly) acid is per- 
haps disengaged in larger quantity in chemical manufactories than 
any other corrosive acid. It is produced, and sometimes dis- 
charged, to the extent of tons daily in black-ash (British barilla 
or soda) manufactories, and is offensive to animal and vegetablei 
life. I have, on some occasions, tested it very distinctly in the 
air at the distance of two miles from the manufactory, where it 
was discharged by a lofty chimney. The less lofty the chimney, 
the greater the degree of concentration in which it falls upon 
the ground, and the less the distance to which it is carried. The 
loftiest chimneys for manufacturing purposes in this country, are 
for the discharge of sulphurous and hydrocldoric ftmies. The 
largest and tallest hitherto built, is at Mr Tennant's chemical- 
works at Glasgow. It is 400 feet in height, about 50 feet in 
diameter at the base, and 12 feet at the top. It works nume- 
rous furnaces, besides discharging offensive products. 

479. Hydi'ochloric acid being lai'gely condensed by water, 
is in some cases conveyed from different manufactories to the 
water of adjoining rivers, where it is rapidly absorbed. Where 
the flow of water is considerable, and the water loaded with im- 
purities, the acid may exert rather a beneficial influence than 
otherwise ; but where the stream is very small, in proportion to 
the amount of acid vapours conveyed to it, the effects may be in- 
jurious. In some cases, innumerable fish have been poisoned 
where they came in contact with the acid, before it had become 
sufficiently diluted. 
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VL Ammonia. 

480» Ammoiua is a very common imptirity in air, wherever 
animal matier in a state of putrefaction is observed. It is very 
froqaently associated with animal matters, upon which it may 
exert a power of solution, though its precise influence in this 
respect has not been so minutely investigated as the importance 
of the subject demands. It is also frequently combined with 
earbomc or other acids. 



yn. Impurities from Arsenic^ Copper^ and Lead, 

481. These metals are often suspended in different combina- 
tionSj principally as oxides, and in minute and yarions propor- 
tions in the vicinity of mauufactorieSj where they are subjected 
to chemical operations. The state of the vegetation in the 
Ticinity attests their poisonous influence. Sulphureous com* 
pounds usually accompany them. The hardening of tallow by 
arsenic, so as to make it resemble wax, has led to a new source 
of impurity in the atmosphere of ordinary apartments, which 
must be productive of the most deleterious results, especially 
where inefficient ventilation adds to the evil. 



yilL Impurities from Putrefaction, Disease, Malaria, 

AND CoNTAQION. 

482. Besides the definite compounds referred to aboye, and 
all those that may emanate fi*om special causes, the living body, 
when under the influence of certain varietiea of disease, and 
animal and vegetable matter generally, when in a state of pntre- 
faction, tend to produce compounds, whose precise nature is in 
general very imperfectly understood, but which are prone to de- 
Telope diseases of different kinds, according to the nature and 
Liunount or virulence of the poison generated. A case of small- 
' pojc illustrates well the great effect that can be produced by a 
minute portion of a specific virus ; many other diseases may be 
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communicated by inoculation, in the same maimer as this vas 
too often propagated in former times ; and there appear to be 
many reasons for belieying that a great yariety of peculiar pro- 
ducts are formed, both by animal and yegetable matters, each 
capable, under fayourable circumstances, of producing a specific 
change, or series of changes, such as a portion of yeast or fer- 
ment induces in a liquid capable of undergoing the yinous fermen- 
tation. Malaria or miasma, produced by decayed yegetable 
matter, may probably thus be regarded rather as a generic term, 
as the malarious or miasmatous products may be as yaried as 
the different specific poisons which are known to be generated in 
the animal economy. And the same poison may produce a 
yariety of effects, according to the circumstances under which it 
is brought into play. Acting in one place and on one constitu- 
tion, the miasma of marshes, in the opinion of some medical men, 
may produce ague, but in another, intermittent feyer, remittent 
fever, or eyen typhus. Whateyer may be the precise constitu- 
tion of such matters, their origin indicates that they must be 
composed of oxyf^en, hydrogen, carbon, and nitrogen, or of some 
of tliese to the exclusion of others. Oxygen is probably not a 
predominating ingredient. This agent, indeed, is always tending, 
when freely supplied, to decompose them, and resolye them into 
water, cai'bonic acid, and nitric acid. Tlieir decomposition, also, 
in some cases, by clilorine and heat, indicates the composition 
mentioned. In studying the effects of miasma, it should not be 
forgotten, that, as yolcanic dust and the sands of the desert haye 
been carried in some cases to the distance of many hundred 
miles, so also the more minute and subtle poisons of miasma and 
contagion may perhaps be carried to a still greater distance, and 
occasionally develope diseases where there may be no apparent 
cause. 

IX. Mechanical Impurities, 

483. These are in general too obvious to require much ex- 
planation. In large towns in this country, there are generally 
throe great sources of mechanical impurities : the degradation of 
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akrial!^ in the street, the ordinal^ impurities tliat collect there, 
and the soot produced by the imperfect combustion of coal. The 
latter wiE bo considered imder Combustion and the Prevention 
of Smoke, 

484. To remoye the fonner, an improyed syetera of drainage 
and cleanging i s essentially necessary in man y large citi es * Where 
water is used in such small proportions as only to allay dust, in 
some cases, in warm weather, its use is accompanied with an eyil 
almust as bad as it ohviatcs,— viz. the production of a steam or 
vnpourj loaded with the products of decomposition. The copious 
use of water, so as to remove and float away impuritiesj has been 
fbimd highly adyantageous j but arrangements for such a supply 
are at i>resent too expensive, and as yet rarely introduced in 
this country* Whitwoi*th*s sweeping machine has been intro^ 
duced very successfully in the crowded districts of large cities. 
From a minute investigation, it appears that very large sums of 
money ai-o annually lost by the inhabitants of populous cities, 
from tile imperfect measures adopted far cleansing streets. In 
a statement made to one of the societies in the metropolis, it 
appears that the proprietor of Mivart's Hotel considers that the 
extra cleaning for which he has to pay from this cause, costs him 
several himdreds of pounds annually. 



X. Impueities from Furniture. 

485. In ordinary apartments, many varieties of furniture 
often influence the air that comes in contact with them to such 
an extent, that it has always an unpleasant smeU, and seems 
destitute of freshness and elasticity. This source of impurity 
becomes still more oflensivcj when the moisture, carbonic acid, 
and other products of exhalation, respiration, and artificial illu- 
mination, in crowded apailmcnts, are not carried ofl', but depo- 
sited during night as *ui impure dew upon the furniture* 

486, Some dyed stuffs, used for furniture, often have an of- 
fenBive odour, from the nature of the materials employetl in pre- 
paring them, which adhere for a long period to them^ if not de- 
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stroyed by a high temperature, or by the action of special che- 
mical agents. 

487. Newly painted and yarnished rooms and fnmittire are 
often exceedingly offensive to some constitutions, and retain 
their odour for a long period, if not subjected to a brisk current 
of warm air, that all the yolatile particles may be evaporated 
and dissipated as soon as possible. The popular remedies of a 
tub of water and a bundle of hay have some trifling influence, 
in so far as they can absorb and condense a portion of such 
odorous matters, as is distinctly indicated by the smell which 
they soon acquire in these apartments. But it is obvious that 
they can only acquire the odorous particles through the medium 
of the air ; and accordingly it is much better to dissipate them 
at once by ample ventilation, after facilitating their evaporation 
by a proper elevation of temperature. Where rooms are to be 
occupied soon after they are painted, the nature of the paint 
and varnish used should be very carefully selected. In some 
public rooms, I have seen a bad varnish continue to give out an 
offensive odour for nearly a twelvemonth. 

488. In the same manner, if proper ventilating apertures 
were freely opened in halls and public assembly rooms, so as to 
discharge thoroughly, each time any audience may have retired, 
all the vitiated air that may have accumulated in them from re- 
spiration, and the combustion of lamps and candles (where 
these products are not removed from first to last by systematic 
ventilation), one of the most common causes of decay of furniture, 
and of dry rot in the roofs of buildings, would be removed. 

489. The other varieties and causes of vitiated air are as 
numerous as the endless chemical changes by which they are 
produced, and the local circumstances under which they take 
effect. See Smoke, Drainage, and Destraction of Nuisances 
from Manufactories. 
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490. All measures that tend to improTe general cleansing, 
sewerage, drainage, tho prevention of smoke, and ventilation, 
necessarily contribute much to the iinpTOTement of the air in 
those districts in vliich they ai'e introduced, and, hy conjoining 
with these the means for withdrawing or destroying noxious 
impurities evolved fi'om sewers and manufactories, much might 
be done in numerous large cities to remove some of the greatest 
sources of offence that contaminate the atmosphere. 

49 L In many manufactories, materials are evolved, which, 
if subjected to the action of an elevated temperature before they 
pass into the open air, are rendered entirely innocuous, or, at 
all events, produce no offence beyond that developed by the 
ordinary products of combustion. Thus, at Burntisland, a small 
seaport about ton miles from Edinburgh, a manufactory of 
whale-oil from blubber was carried on not long ago^ where all the 
noxious matter usually evolved was completely destroyed by 
being drawn through red hot cinders, supplied freely with air 
at the same time ; but when this arrangement was not in force, 
the offensive odour from the manufactory was perceptible at the 
distance of miles, in the direction of the wind* Similar ar- 
Irangements have long been applied by M, D* Arcet of Paris to the 
melting of tallow, and other operations, and might, with much 
advantage, be more generally introduced* 

492* In crowded cities, where the general purification of air 

may be deemed most desirable, and in the vicinity of manu- 

r/QCturing operations, or where peculiar offensive products may 

o 
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be developed, the following are the principal arrangementg which 
I haye adopted : — 

I. The exclnrion of soot, hj drawing the air through yery 
large yeils made of porous materials, thickly beset with fibres, 
which intercept the suspended soot. 

II. Washing with water, so as to remoye more effisctoally the 
smaller particles — ^the air being forced to pass through an arti- 
ficial shower. 

III. Washing with lime-water, to produce a similar efiect, 
and to condense acid gases, more especially sulphurous, carbonic, 
and hydrochloric acid gas. 

lY . An admixture of ammoniacal gas, to assist in producing 
similar effects. 

Y. An admixture of nitrous acid yapour, and chlorine gas, to 
decompose animal and yegetable matter. The figure giyen in 
describing the washing-chamber in the House of Peers, illus- 
trates one of the varieties of washing apparatus, and,aloi^ with 
the remarks on the Niger expedition, various arrangements pro- 
vided for the purification of air, are shewn. The medicator was 
used principally for such purposes, and for producing artificial 
atmospheres. 

YI. A copious admixture (rf* steam, or the production of an 
elevated temperature by other means. 

YII. Where peculiar local products have been evolved, then 
special means have often been resorted to with the view of 
counteracting their influence, if this could be economically ef- 
fected. 

493. While I have resorted to the means mentioned above 
on numerous occasions with advantage, and the usual applica- 
tion of lime- washing and fumigations in the more urgent cases, 
it will be found still more important, wherever it is practicable, 
to endeavour to exclude impurities in the first instance, to neu- 
tralise or decompose them before they mingle with the air, or to 
destroy the materials from which they may emanate, by forming 
*hom into new chemical combinations. 
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494, The addition of cbemicalB to atmospheric air, tb^ eSec- 
tua] mixture of these with the impurities upon which they are 
to net, or tho regulation of the proper proportion s, all presume 
a series of arrangemonts such as can be effected only when syste- 
matic ventilation has been introducedj and when a knowledge of 
chemical details caji be depended on. But good and efficient 
drainage, the destruction of putrid exhalations by lime, efficient 
cleansing, and the remoYal of offeosire accumulations that con- 
t-aminate the air, strike at tlie root of the eyil, and do not ne- 
cessarily require any professional knowledge. The following 
Diemoranda, as to lime- whiting and fumigations, should be fa^ 
miliar to all that direct their attention to such subjects. 

495, It must also be remarked here, that too much attention 
cannot be paid to the situation selected from which fresh air ia 
derived in Yentilating any building ; on investigation, it ia often 
found that some sides or parts of the bmldiug afford much less 
objectionable air than others ; but this point has been adverted 
to in a former part of this work. 

496, Lime-Whitik^ owes its efficacy to the causticity of 
the lime used for this purpose, and to its action on solid or liquid 
impurities on the walls, whereas gaseous fumigations affect prin- 
eipatly the mere temporary condition of the atmosphere. Chalk 
18 of no value, comparatively speaking ; in it the lime is already 
carbonated (combined with carbonic acid). But lime, that is, 
chalk or limestone deprived of carbonic acid, tends to acquire 
that carbonic acid a^in from the atmosphere, and from aU ani- 
mal and vegetable matters with which it is mingled, their car- 
bon and oxygen, assisted under certain circumstances by the 
oxygen of air and water, tending to unite, so as to form the 
carbonic acid by which the lime becomes carbonated. Other 
acids may at times be formed, but that is of no consequence, so 
long as the offensive animal or vegetable matter is decomposed. 
Farther, the caustic lime is destructive to innumerable animal- 
culse, causticity, in chemical language, signifying a power of de- 
composing or disorganizing the vegetable or animal products 
brought into contact with the caustic- When the lime becomes 
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carbonated, it loses its causticity, and a fresh lime-wMtiiig is 
necessary. The more fresh and recently slacked the lime, the 
more likely is it to be caustic and in good condition. Old lime is 
in general of little or no yalue, unless it shall hare been herme* 
tically excluded from the air, in which condition it may be 
kept for any length of time, without losing its causticity. 

497. Chlorine is an element whose power is equally ac- 
knowledged in destroying numerous animal and regetable com- 
binations, though neither it nor lime are to be considered ca- 
pable of acting on all such matters without exception. This ele- 
ment acts in a very different manner from lime, howeyer, its great 
tendency being to dehydrogenate, or to subyert the combina- 
tions of animal and ycgetable matter by combining with their 
hydrogen, and forming the compound termed hydrochloric or 
muriatic acid. Chlorine gas is eyolyed from a mixture of mu- 
riatic acid and peroxide of manganese, or from a mixture of com- 
mon salt, sulphuric acid, and peroxide of manganese. Nothing, 
liowever, affords it more conveniently than chloride of lime, 
which, when of good strengtli, eyolres minute quantities of chlo- 
rine for a considerable time, and can be made to discharge large 
quantities, on the addition of sulphuric or muriatic acid. 

498. Chlorine should never be evolved in large quantities in 
apartments that are occupied, as it is one of the most irritating 
of the gases. Minute quantities, however, escaping from a 
plate of chloride of lime, with or without the addition of a few 
drops of acid, are not injurious. 

499. In all cases where chlorine and acids are used fw the 
purpose of fiimigation, their tendency to corrode and destroy 
metals should not be forgotten, as considerable injury has occa- 
sionally been done where this has not been attended to. 

500. Sulphurous acid, produced by burning sulphur, acts in 
many cases by the suffocating fumes which it produces, and in 
others by its deoxidating agency. 

501. Nitrous and nitric acid vapours, associated with water, 
are evolved when nitre is thrown into an equal weight, or two- 
'■liirds of its weight, of hot sulphuric acid, which may be warmed 
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in a email cwpj resting in sand, placed in an iron -ladle, and held 
ove^ the tire. The smaller proportion of sulphmnc acid gires 
more nitrous and less nitric aciiL The acid may be heated till 
there is a slight appearance of white fumes on its surface, A 
greater heat yolatilizes the sulphuric acid, and produces exces- 
sively irritating and coirosiTe yapours. The great adyantagc of 
the iiitroua and nitric fumigation, is, that it can he given in sick 
apailments, without rcmoTing the patients, 

502. The moat powerful of all fumigating mixture, is formed 
by hoiling a mixture of nitric and muriatic acid, chlorine, nitrous 
acid J and other compounds being then eyolTed. Or, the same 
snhstances may be disengaged, by throwing a mixture of 60 
pai*t8 of common salt with 100 of nitre, into 200 of hot sul- 
phuric acid, warmed as mentioned in the preceding paragraph. 
In these mixtures, an excess of acid is generally employed, 
that the reaction may proceed quickly. If the acid be hot, the 
fumes are very strong and penetrating. This mixture is usually 
applied to cellars that require extensiye fumigation, when no one 
is present. It is not to be considered so desirable as lirae- 
whiting ; though very useful for temporary purposes* 

503, Vinegar, though much employed still for fumigating 
apartments, does not so much decompose impurities in the air 
as the preceding subatanceSj but rather proves refreshing, in the 
same manner as eau de Cologne, oi' other agreeable perfumes. It 
IB still used profusely in some public buildings as a substitute 
for ventilation. In one of these, which I visited lately in this 
city (London)j it is daily sprinkled on the floor, when the parties 
present are no longer wilHug to tolerate tlie oflensive atmosphere 
which a crowded room, without any efficient ventilation, na- 
turally produces, Tlie gi-eat amount of decomposing vegetable 
matter, from the vinegar which adheres to the floor, adds to the 
permanent deterioration of the atmosphere, and gives a medi- 
cated odour to the air, which may perhaps be rendered agree- 
able by long habit, but which is certainly not very inviting to a 
etranger. This substance, accordingly, and numei'ous others 
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haying a grateful perfume, are not to be considered as purifying 
air, but rather as disguising bad air by the grateful odour they 
emit. 

504. Ammonia proves exceedingly refreshing to many con- 
stitutions, by combining with and neutralizing the carbonic add 
of the air ; and even in the lungs, where it enters with the air 
inspired, it produces, no doubt, a similar effect. The more ez- 
tensiye use of this gaseous alkali promises to be exceedingly 
useful, in numerous cases where the respiration is affected. 

505. Excessive heat is considered desirable, where other re- 
medies are not accessible, and may be produced by burning coke 
or charcoal in a confined apartment, where there is no danger 
from fire, and when it is unoccupied. The temperature should 
be elevated, at least, to 212*"; some are satisfied with a less 
elevation of temperature. Dr Henry showed, it will be remem- 
bered, that, some years ago, certain infectious matters are entirely 
destroyed by a heat not exceeding 212°. 

506. Where the respiration of individuals is to be protected 
from mechanical impurities, and where it is of importance, also, 
to moderate the temperature of the air as it passes to the lungs, 
the very elegant instrument invented by Mr Jeffrey (Jeffrey's 
Respirator), will be found exceedingly useful. Many, who 
were formerly confined at home, very frequently, in particular 
states of the weather, have been able to walk out freely in weather 
that would otherwise have proved very injurious, by the very mild 
and equal temperature this piece of apparatus gives to the air 
as it is inspired, which absorbs the heat retained by perforated 
silver-plates from the air discharged by expiration. 

507. The purification of air supplied for respiration, has also, 
ou many occasions, been attempted with great success in apart- 
ments filled with hot and impure air, by a protecting helmet 
provided with a dependent proboscis, a sponge with water, and 
occasionally variable proportions of ammonia or other substances 
being added to it, according to the nature of the impurity which 
it may be intended to counteract. Firemen and other adven- 
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tuTous Individuals, have often proceeded fearlessly, with such hel- 
mets, into apartments, where it would haye been impossible for 
them otherwise to have entered, 

50 B. The dependent prohoacis enables the inspired air to be 
taken from the auiface of the ground, where it is often compara- 
tively good. 

In the same manner, indiriduals may, by stiU more extended 
arraHgements, and with the aid of a force-pump comreying air 
through tubes to any distance, penetrate through atmospheres 
that would otherwise prove fatal, A modification of the diying 
apparatus would suit every usefol purpose. 

509. Lastly, Atmospheric Air, freely introduced by good 
ventilationj must always be considered tlie most important of all 
fumigations for ordinary piu^oses, and a material which is, in 
general, sufficient to oxidate or bum off, by slow combustion^ 
innumerable impurities that are apt to be developed in stagnant 
atmospheres, particularly where animal and vegetable matters 
abound, though, for extreme cases, it has not the power and 
energy of lime, chlorine, or acids. 



2, Artificial Atmospheres, 

510. The first and most important of all atmospheres that 
demand attention, after purity of air has been secured, is the 
atmosphere of equal temperature* This will be attended to 
under the communication of heat* 

511, Though the production of artificial atmospheres Iiaa 
attracted considerable attention fi^om the experiments of Beddoes 
and Davy, independent of numerous others who have directed 
their labours to this subject, the communication of moisture and 
the maintenance of a fixed temperatm-e, appear to hare engaged 
more exclusive attention than might have been anticipated on so 
important a subject. The temperature and moisture of the air 
are certainly the most important circumatauces that demand at- 
tention^ after seeming air of sufficient purity i but the resources 
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of chemistry hare opened yast fields of improyement as yet nn- 
cultiyated ; or, at least, only on a limited scale, and practised by 
a few individuals. 

512. Now, howeyer, that so many gases and yaponrs haye 
been discovered, and where the movement of the air can he re- 
gulated by a ventilating power capable of precise adjustment, it 
appears abundantly obvious, that, were more extensive arrange- 
ments made for this purpose, particularly in hospitals, a mote ex- 
tended controul might be obtained over the animal economy in 
many cases of disease, and a series of gaseous remedies brought 
into powerful operation, through the medium of the lungs, and 
also by their action on the skin. 

513. Medical men have long and justly been jealous of any 
interference with organs so important in their ftinctions, and so 
delicate in their structure, as the limgs ; but, if a proportionate 
delicacy and care be employed in the remedies applied, cer- 
tainly no field holds out a more promising path of inquiry, than 
that which is presented in investigating the influence of atmo- 
spheric air upon the person, and the varied materials that can 
be mixed with it, and thereby brought to bear more gently and 
unconsciously upon the system, than by any other mode of treat- 
ment. 

514. Again, there are various diseases in which the lungs bear 
a very prominent part, in relieving the body from the noxiOus pro- 
ducts that abound in it, and where the percentage of carbonic acid 
discharged is considerably beyond the amount evolved in health. 
Farther, the offensive odour discharged from the lungs and surface 
of the body, in particular stages of disease, where they do not arise 
from an incipient putrefaction preceding dissolution, evidently in- 
dicate the great importance of allowing every facility to the limgs 
and skin to operate according to the laws that regulate the diffusion 
of gases, which have thrown a new light on some of the functions of 
the animal economy, more particularly those that regulate respi- 
ration and transpiration. How important would it be, in such 
oases, that air, loaded with the products of respiration and tran- 
^^nration, instead of lingering around the person, and following 
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a aevious and uncertain course, from an ill- defined and dubious 
ventilation, should pass away continuous! j in an unceasing stream, 
and be replaced by a pure atmosphere at a regulated temperature, 
and in a precise state of dryness or humidity, so that, at one time, 
tlie full oxygBuatin^ influence of the air should he brought to play 
upon the body with the highest power of evaporation , or one of 
these Ibrcos be made to act in fiill while the other is subdued. 

515, I certainly am disposed to join with those who consider 
til at the increasing attention now paid to the humoral pathology, 
is well justitied by the facts which the progress of science has 
evolved, and that, in connexion with those, there are numerous 
eases whore the more fnll, the more freej and the more highly 
sustainoil action of the air, would consume, oxygenate, andbui'n 
off from the living frame a large amoimt of those impurities that 
are prone to develope or augment disease, exactly in the same 
manner as air is always tending to oxygenate every external pro- 
duct, where organic structure, under the influence of the laws 
of life, does not interpose its peculiar functions through those won- 
derful processes of assimilation that can only be conducted in 
the exquisite chemical laboratories of the living frame. 

516. What frequent repetition of any ordinary prescnption 
Can ever approximate to, 

so dlitmct ^d sepaffiite impulses in 1 minute^ 

1,200 1 hour, 

2a,B00 ....* 24 hours; 

^jid all these actings not upon a secondary organ — not subject to 
a.ny intermixture with the food or products of digestion— but 
conveyed directly to the blood in the lungs, and presented to an 
area, many times exceeding that of the surface of the body ! 
517- By constructing a few chambers in every hospital, where 
f the quality of the air that passes the zone of respiration might 
he entirely under control, and medicated, heated, dried, moist- 
ened, cooled, and applied in any quantity, as circumstances might 
dictate, a more specific power would be obtained, capable of be- 
ing applied advantageously in numerous cases of disease. 
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518. As to the yarieties of atmosph^^ that might be appliec^i. 
in this maimer, they are exceedingly nnmerous, particularly I'M 
made to include a rapid movement upon the person. A rapidK 
movement of air directed upon the body, and particnlarly npoc:x. 
the head, refreshes many as much as a breeze upon the top of sk, 
mountain, and is grateful and applicable on many occasion&y 
where we cannot resort to water. The following indicate som.^ 
of the leading atmospheres that might be resorted to, including^, 
in general, materials that have been already used ; but not in 
that precise determinate form in which they could be applied in 
air-baths expressly constructed for the purpose. 

AIR BATHS. 

1. Dry Air. 

2. Dry and Hot Air. 

3. Dry and Cold Air. 

4. Rapid and Hot Air. 

5. Kapid and Cold Air. 

6. Moist Air. 

7. Moist and Warm. 

8. Moist and Cold. 

9. Rapid Moist and Warm. 

10. Rapid Moist and Cold. 

11. Steamed Air, or Steam Baths. 

12. Highly Oxygenating, by an infusion of .oxygen. 

13. Less Oxygenating, by diluting air with nitrogen. 

14. Deoxidating, by adding minute portions of deoxidating 
agents. 

15. Nitrous oxide (Davy's intoxicating gas). 

16. Nitrous Acid. 

17. Nitric Acid. 

18. Chlorinated. 

19. Sulphureous. 

20. Carbonic. 

21. Ammoniacal. 

22. Prussic. 
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23. Acetic. 

24. Ai'senical. 

25. MercuriaL 

26. Alcoholic, 

27. EtheriaK 

28. Benzoic. 

29. Camphoric. 

30. Layender. 

31. Qraugc. 

32. Cinnamon. 

33. Creosotic. 

34. Hydrosnlphate of Ammonia. 



519. The facility with which soch materiids, and nnmer- 
ous others, might he introduced in determinate quantities, will 
be perfectly faniiliar to all who haye seen the apartments and 
air-baths which I haye constructed for the purposes now men- 
tioned ; the materials were introduced, hy heing conreyed to a 
ventiduct^ which was the sole supply for the atmospheric air 
used, the chemicals added heing communicated by yarious ar- 
rangements, according to their peculiar properties, the quantities 
required, and the manner in which they were to be used. 

520* Experience can alone detLTminc the extent to which 
such arrangements may prove yaluable. I haye certainly some 
confidence in the value of ai-raugements for determining for some 
medical pui'poses a much more rapid movement of air upon the 
person than has hitherto been used, where a powerful warming, 
oxygenating, cooling, or evaporating eflfcet is required. And 
chemicals, though they require to be tried with extreme care 
and much attention, appear to he capable of being often added 
with advantage, from the numerous effects I have seen in the 
laboratory and in manufactories. There ai'e none of the 
agents mentioned in the preceding list, whose power I have not 
repeatedly seen acting in various ways, according to their quan- 
tities and other circumstances ; and I have no hesitation in 
endeavouring to call a more mai^ked attention t<» the importance 
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of their being applied, by gentle diffusion, tlirongh the atmo- 
sphere, in the manner adverted to. 

521. The medicated yapour-baths, and the hot air-baths, 
afford the nearest approximation to the system I hare been ad- 
verting to ; but they do not appear to have had the powers of 
controlling and regulating the morements of the air upon the 
person, for facilitating the removal of noxious products by ex- 
halation and diffusion, to the extent I should consider desirable. 
The great object is not merely to communicate certain materials 
to the system, and allow others to evaporate or escape, but also 
to withdraw these as they are evolved, so rapidly from the 
vicinity of the person, that they shall not remain and interfere 
with the evolution or discharge of materials that have yet to be 
disengaged. Mr Whitelaw's medicated vapour-baths have pre- 
sented some of the most important and extensive arrangements 
I have hitherto seen applied to practice. By the arrangements 
which Dr Lawrie has shewn me at these baths, he has not only the 
united influence of heat and moisture, but also of various agents 
derived from the vegetable kingdom, which are made to act ^ 
through the medium of the steam. The herbs used are collected 
in America, from the localities where, from the nature of the -,(,„ 
soil, their true medicinal virtues are found developed in the 
greatest perfection ; they are then dried with great care, so 
that their volatile and essential oils are preserved as much as ^ 
possible, and they are used both in the medication of the bath, 
and also as internal remedies. 

522. Besides those atmospheres that may be produced in the 
hospital or the chamber of the invalid, a very pleasing and re- 
freshing variety may be communicated to ordinary atmospheric 
air, by causing steam from a small retort to mix with it, after 
adding a few drops of oil of lavender, oranges, cinnamon, eau de 
cologne, or of any other volatile material that may be preferred, 
the whole atmosphere of the apartment being soon impregnated 
with the volatile matters they communicate to the passing air. 
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PART III. 

ON THE PRODUCTION AND COMMUNICATION OF 

HEAT AND UGHT, AND THE PHENOMENA 

OF COMBUSTION. 



523. These subjects are so intimately associated in nume- 
rous practical questions, that some preliminary remarks are ne- 
cessary, before entering on the indiyidual chapters. 

524. The precise nature of Heat and Light is still unknown, 
though numerous facts attest the very intimate connection that 
subsists between them, electricity, and magnetism, and give a 
reasonable presumption in hoping, that the progress of science 
may one day peveal some new fact bearing on their mutual con- 
nection, eyentually simplifying the innumerable details that have 
been ascertained by experiment, and giving man a still more ex- 
tended power over the material world. 

525. The most intense heat and brilliant light hitherto 
developed by artificial means, and capable of being employed 
for various experimental purposes, though not sufficiently per- 
fect for ordinary use, is that which is produced by a stream of 
galvanism proceeding (in vacuo J from one piece of charcoal to an- 
other, and more or less nearly into contact, according to the power 
of the galvanic battery employed. The general appearance re- 
presented by such an apparatus, is given in the accompanying 
figure. This light has been repeatedly tried in individual apart- 
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ments, and htd j a reiy interestiiif^ experiment was made with 
it on a rerj large scale in the Place de la Concorde at Paris, but - 
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hitherto it has not been so econ<Mnically prodnced, nor so steadily 
sustained, as is required for practical purposes. 

526. The lime-ball light, introduced by the late Captain 
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Dnimmond, and also pointed out by Mr Gurney, is deve- 
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loped, hj heating intensely a ball or cylinder of lime, against 
wlucli a stream of coal or liydrogen gaa is directed, its combus- 
tion being animatGd by mingling with it^ where it strikes the 
lime, with proper precautions to prevent accident, a stream of 
lixygen gas. The lime does not bnrn, but becomes intensely 
Icuninoiis when heated by the combnstioTi of the mixed gases^ 
and is slowly dissipated in yapour as the operation proceedSj so 
that it is necessary to renew the balls employed from time to 
time, or to use a cylinder turned by clock-work, and exposing a 
new surface continually to the gases, 

527, In both the preceding cases, the chemical action of the 
tnatorials employed is the effective source of the light de- 
veloped, 

528, But for all ordinary practical purposes, carbon, and 
compounds of carbon and hydrogen, are the great Bonrcos of 
artificial heat and light ; and though oxygen, nitrogen, and 
other substances, may be associated with many of them, still 
tljese are not considered to contribute to the development of the 
light and heat. They tend rather to modify the combustion ; 
the heat and light are developed by the action of the carbon and 
hydrogen, with the oxygen of the air. 

529, Whenever cai^bon burns freely, and is abundantly sup- 
plied with oxygen, it forms carbonic acid gas, whatever its pre- 
vious state of combination may have been. In respect to thiSj 
it may bo well to recollect the facts mentioned as to the quan- 
tity of air consumed by cai*bon and hydrogen, as stated in the five 
following paragraphs, (Fractions are omitted,) 

530, Six tons of carbon consume sixteen tons of oxygen, 
which are found in seventy- two tons of air, producing twenty- 
two tons of carbonic acid, and disengaging fifty-six tons of ni- 
trogen gaj3, 

531, But if the carbon be supplied with an insufficient 
quantity of air for the above purpose, only half the quantity of 
oxygen is consumed, and carbonic oxide gas is formed^ a gas 
which passes off invisibly, unless it shall meet with fresh quan- 
tities of air, while still at an elevated temperature; in thiscase* 
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it burns with a pale blue flame, attracting as mucli more oxygen 
as it may have already gained, and forming ultimately the same 
product (carbonic acid gas) that would have been formed at 
first, had it then been freely supplied with air. 

532. In general, carbonic acid is formed where the air first 
gains access to the fire, if the carbon be at a sufficient heat, as 
in a red-hot cinder fire ; and, in passing through the superin- 
cumbent cinders, the carbonic acid loses one particle of oxygen, 
and becomes carbonic oxide gas. 

533. The lost oxygen takes a particle of carbon from the 
cinders, and forms another portion of carbonic oxide gas. 

534. Again, when hydrogen burns, it inyariably produces 
water, every ton of hydrogen consuming eight tons of oxygen, 
which are found in thirty-six of air, producing nine tons rf'^^fc-^ 

steam or watery vapour, and liberating twenty-eight tons of ni- 

trogen. . — • 

535. The combustion of all kinds of ordinary fuel is much -^^ 
affected by the amount of moisture in the air, the hydrogen and J^3i 
oxygen of this moisture acting chemically on the inflammable ^^ 
matter, and producing various inflammable gaseous compounds. -— ' 
In frosty weather the air is dry, and the blue flame of a cinder "*^ 
fire is not diluted by hydrogenous gases, which alter its colour, ^ 
as there is comparatively little moisture in the air to afford the ^ 
hydrogen. 
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MEMORANDA ON THE COMMUNICATION OF HEAT. 



536. Hoat 13 communicated from one matter to another, by 
tira Tery different modes — nz*, by Railiation and by Condac- 
tion* 

537. Radiation signifies the rapid emission of heat, and 
its passage from one body to anotlier, in the same manner m 
rays of heat pass fi-om the sun to the earth, As a little candle 
is not preyented from shining, though placed in the sunbeams^ 
giving out both light and heat to all surrounding objects, in 
proportion to the intensity with wliich it burus, so all substances 
that are yisible at the surface of the globe, at all temperatures, 
are considered to be continually interchanging rays vith each 
other, the proportion from each necessai^ily varying indefinitely 
aecording to circiunstances. 

538. Different bodies vary ranch in their power of radiation ; 
those with rough and porous surfaces radiate well. 

539. Bodies that radiate heat well when hot, absorb it 
quickly when cold ; or good radiators are also good absorbers of 
heat. 

540. Polished metals are bad radiators of heat, bad absorbers 
of radiant Iicat, but powerful reflectors, throwing back a large 
portion of any radiant heat that Mis upon them. 

541* Every individual, according to the state of his eircu* 
lation, and the temperature of the surface of the body 5 radiates 
heat to others, in the same manner as rays of light emanate also 

p 
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from the living fi'ame, and erery other ohject, and reacli the 
eye ; they would not otherwise be risible. 

542. Unrequited radiation signifies the radiation rf 
heat that ensues under circumstances where an inadequate re- 
turn is received, and tliis is accordingly followed by a reduction 
of temperature in the body radiating. 

543. In a clear dry night, the ground affords a specimen 
of unrequited radiation, discharging much of the heat it may 
have imbibed through tlie day, and meeting with little or no 
return. It becomes colder, consequently, than the superincnm- 
bent air. 

544. A cloud over any place receives radiated heat, but pre- 
vents reduction of temperature by returning it. 

545. Conduction. — This signifies the slow and direct com- 
munication of heat from any warm object to another in actual 
contact with it. Radiation is the term applied when the com- 
munication of heat ensues between substances at greater or less 
distances from each other. The sun and a common fire give 
out heat, and warm by radiation. A stove may radiate, but it 
heats also the air in direct contact with it. 

546. Metals arc good conductors of heat, taking it rapidly 
from any object wanner than those with which they may be in 
contact, and evolving it equally to those that are colder, and in 
contact with them. 

547. Glass, bricks, porous solids, as charcoal, fur, cotton, and 
wool, are bad conductors of heat. 

548. Bad conductors are used for surrounding materials to be 
kept warm or cold, that heat may not escape from them, nor enter 
to them. 

549. The most powerful combination for giving or acquiring 
heat is formed where the material is composed of metal, that 
the conductors may be good, and the surface non-metallic, but 
porous, soft, or painted, that the absorption or radiation may be 
powerful. 

650. Again, in the most perfect arrangement for retaining 
heat, the substance should be made of a non-conducting mate- 
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^al, and the surface of a brilliantly polished film of metal, that 
it may neither conduct nor radiate well, but be powerful in re- 
Meeting. 

55 1 * Clotliing of diflferent kinds is more or lesB wmm to the 
ifeelmgs solely by proyenting the cooling influence of the external 
atmosphere; and in climates, such as tlus country presents^ a warm 
porous clothing, powerful as a non-conductor, but no barrier to the 
difiuBive action of the skin by exhalation, is the great desideratum. 
Woollen stuiFs afford this in perfection ; and the value of flan- 
nols, in reference to the general health, cannot be too much ap- 
preciated, especially where, from the nature of the occupation^ the 
excitement or other causes, the circulation is subject to consider- 
able inequalities of action. 

552. TIjo finer kinds of woollen clothing are often very im- 
perfectly porous, and not therefore so conducive to health . Among 
other materials, numerous cases occurred, when the Mackintosh 
was manufactured in a less open form than is now given to it, 
where the health was injured by its constant use. All clothing 
wliich is close in its textuTG, or in the foi-m in which it is appHed 
to the body, so tliat the natural exhalation does not escape re^- 
^Ijj but becomes prone to render it damp by condensation in 
cold weather, should be considered defectiro. 

553. Were the amount and quality of clothing more frequent- 
ly adapted in this coimtry t^o the state of the atmosphere to be 
encountered, whether at home, in the open air, in churches, or 
in assemblies, innumerable cases of disease would be prevented. 

554. The force of physiological representations appear gi*a* 
dually to be dissipating the folly and the pernicious cousequences 
that hare too often regulated di-ess in society ; but the field of 
improvement is not yet exhausted, and a little more attention to 
the functions of the living frame in connexion with this subject 
cannot be too much appreciated. The gi^eat point should be to 

the person from sudden transitions of temperature, and 
those loc^ currents that still abound in ordinary habitations, as 
well as to sustain an agreeable but uot an oppressive warmth. 

555. Among those engaged in special pursuits, where parti- 
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cular clothing is required from the circumstances nnder which 
they are exposed, the porosity of the clothing cannot he too spe- 
cially studied. A soldier encased in a metallic helmet, in a 
cuirass, and the rest of his hody in leather, eyery pore of which 
is obstructed, affords a good example where the diffiisioii of the 
skin is retarded, in an extreme degree, and increased duties thrown 
on the lungs and face, the latter often appearing- suffused with 
perspiration, at times when, with a more porous dress, nothing 
of the kind would be observed. 

556. One of the reasons why sleep is so refreshing in an or- 
dinary bed, compared with what it is when the day-clothes are 
not taken off, is the great comparative freedom with which the 
function of exhalation goes on. 

557. In many places, both abroad and at home, the clothing 
of the feet appears to require much attention. In a military 
hospital abroad, almost all the men appeared to mo to hare dis- 
eased feet, in addition to the other complaints for which they had 
entered. The foot is too often treated as a block of wood, not 
as a part of the living frame ; the high-heeled and narrow-pointed 
shoes of former days may have disappeared, but the air-tight hoot 
cannot be recommended for all constitutions. The Royal Collie 
of Surgeons of Edinburgh have done well to place a human foot, 
shewing its exquisite structure, and the wonderful reticulation of 
bloodvessels which it presents, in one of the most conspicuous 
places of their Museum. No one can look at it for a moment, with- 
out seeing how incompatible the functions of these vessels must be, 
with the tight press into which they are so often screwed. Some 
years ago, in a short notice I made on this subject, at the Society 
of Arts of Edinburgh, I shewed a Bohemian shoe or clog, divided 
into two parts, but connected by a chain which gave sufficient 
elasticity to admit of the natural motions of the foot ; and having 
left it mill Mr Dowic, he afterwards made his improved India- 
rubber shoe, which has attracted so much attention, and been so 
largely used, and to whose very excellent and interesting papers 
on the Shoe, and on the Human Foot, I must refer for further 
information on this subject. 
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558, Few cii'curastaneesj perhaps, haye tended so muchj in 
TOodem timesj to alter tlie state of health as affected h j the in- 
ternal arrangements of dwelling-hoiiseS) as the great rednction in 
tlie altitude of the chimney-piece, and the more skilful disposi- 
tion of the fire-place for the "economy of fneL The practical 
eonsequence has been, that a less amount of air is necessai*ily 
forced thi*ongh indiyidual apartments, vhen the coldness of the 
weather renders it necessary to keep the windows shut; and, above 
all^ that the air which does pass to the fire, is, in general, be- 
low the level of the hea4, and exercises, accordingly, little or no 
pnriJying influence npon that portion of the atmosphere whieh is 
within the zone of respiration. 

559, The cottage-gratOj so Tery generally introduced of lato 
years, is extremely comfoii^ahle from the low^sition of the fuel^ 
the comparative absence of iron, and the powerful radiating in- 
fluence of the fire-bricks that form the back and sides ; but the 
smaller the apartment, and the more perfect its construction, 
the less must it alone be trusted to in securing ventilation. 

560* A common fire heats an apartment, in general, almost 
solely by radiation, excepting the influence of the fine upon the 
wall. In some few cases, fire-places have been constructed so 
as to partake in part of the character of stoves* 

561, The peculiar advantages of a fire-place a^e not merely 
its power of warming an apartment, the circulation of air which 
it induces, its accessibility, and the influence of the light which 
it evolves ; but the very grateful efi'ect which it produces after 
the body has been diilled by any special cause, whether in door. 
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he accomplished, it moderates the severity of cold air there, and 
the upper portion of the apartment is wanned by the ascend- 
ing currents that are immediately developed. 

VI. An ash-pit, with means for preventing the ingress of air 
below the fuel. Air should enter in front alone ; the radiation 
is then powerful in front, and strikes forward. In many fires 
the radiation is most powerftd below, and strikes downwards, 
where it is of no value. 

562. Where iron is used in lai*ge quantity around an open 
fire, it robs so much heat from it, and communicates so large a 
quantity, by conduction, to the current of air passing up the 
chimney, that it rarely bums brilliantly. Every portion of metal 
that may in any way be dispensed with, proves advantageous in 
an open fire. 

563. The following figures illustrate the arrangements of the 
coke -fire places which I have used for a considerable time, and 
^hich have been introduced in many places in this country. 

Fig. 143 (No. 1 of this set) shews the general appearance 
^f this fire-place ; h, the blower ; a?, a ^section of the ash-pit 
"below the elevation of the fire-place ; d, e, the handles of the 
Talve and of the blower. 

Fig. 144 (No. 2). A plan shewing the fire-grate a, and the 
extent of the ash-pit ^. 

Fig. 145 (No. 3). A section of Fig. 143. 

Fig. 146 (No. 4). Another view, the front plates and handles 
for working the valves and the blower being removed, that the 
manner in which they are attached may be seen ; c, the coun- 
terpoise for the blower. All these parts connected with the 
movement of the valve or of the blower should be made of great 
strength, so as not to give way from any ordinary force, other- 
wise they give no satisfaction. 

Fig. 147 (No. 5) ; plan shewing the arrangements at the level 
of the damper. 

Fig. 148 (No. 6) is a view of the arrangements of c on a 
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larger scale ; g^ a pin whicb is drawn out of its place by puffing 
e forward ; the yalre in the chimney can then be set to an; 



Fig. 148 




Fig. 148. 



position, after which, on letting go 6, the spiral spring returns 
it to its proper place, and the pin g having been adjusted to one 
of the openings in which it can be fixed, secures the yalvc in 
the position in which it has been placed, the fire burning more 
or less briskly, according to the amount of air permitted to 
pass. 

Fig. 149 (No. 7) illustrates the position of the yarious opcn- 
ato which the pin may be fixed. 
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564* In open fire-places witli descending flues or chimnieB, 
i ii always necessary, in the first instance, to determine the de- 
Gent of the air from tlie fii'c-plaoe, by wanning the chimney to 
which it ultimately proceodSj shonld there bo no powerful draught 
ah^eady established there, either by a fire kindled in it, or some 
other DieanB. 

565. Figs 150 and l5l give a view and section of a large 

fire-place, tliree feet in diameter, which I constructed in the 

centre of my practical class-room in Edinburgh. It was always 

forked with a soft burnt coke, as the flame from coal produced 
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loke wliich was apt at times to escape from the sphere of tho 
iliimnoy* The interior circle of tho chimney was built with 
very small circular bricks, made of fire-clayj and is not seen when 
tho fire is in full action, being coyered by a wreath of blue flame^ 
produced by the combustion of carbonic oxide gas, cai*bonic acid 
and nitrogen passing down the centre along with a portion of the 



5(j6. Those who arc accustomed to the use of coke in ordi- 
nary fire-places, constructed as shewn in Fig* 143, are never 
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found again to resort to the use of common coal, as it gives a 
cheerful and agreeable warmth, while it has the great adrantage of 
producing no soot, and therefore requiring no chimney sweeping. 
The coke used for this purpose should be in small pieces, not 
larger tlian a walnut, soft burnt, that it may kindle easily, and 
not deprived of the last portions of gas that can be abstracted 
from it. Hard burned coke, which is difficult of accension, ex- 
cept in furnaces, and prone to go out again, is unfit for an open 
fire. Some kinds of anthracite do well, others are too difficult 
of combustion, unless placed on an earthen floor ; a grate is not 
required where little or no ashes are left from anthracite. 

567. Many object to the use of coke, in consequence of the 
fumes or bad air which they suppose to be peculiar to it. This 
is a mere prejudice, which has arisen from coke haying been 
employed in grates or fire-places not adapted for it. Every coal- 
fire becomes a coke-fire, as the gases are expelled. It is quite 
true, that the products of the combustion of coke are very 
pernicious, and do not produce that visible smoke which is 
evolved from common coal, and which therefore is, in general, 
more quickly recognised and coiTected. But the products from 
a cinder fire, produced from coal, are equally noxious, and of the 
same nature as those from coke, all ordinal^ coke being formed 
fnmi common coal. (See Smoke.) 

568. It will be well to remember, that in all rooms provided 
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with air-tight doors and windows, there is still a tendency to a 
moyement np the chimney, which is supplied by the unavoidable 
leakage at doors and windows, and that when this is not steady 
and determinate, a moyement often ensues in the manner shewn 
in Kg. 152. Further, when a fire is kindled, cold air usually 
flows along the floor from it to the fire. Fig. 153. See Move- 
ments in Air, Elementipry Illustrations (Supply of Air to Fire- 
places). 
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CHAPTER III. 

THE STOVE. 

569. The Stove forms a very diflTerent atmosphere from the 
open fire, in so far as it not only radiates according to its tem- 
perature, but also communicates heat by conduction (by contact) 
to the air ; and hence, if the surface be contaminated with any 
oily or other offensive substance, or if it be at such an elevated 
temperature as to decompose the innumerable particles that float 
in dry weather in any ordinary atmosphere, it is prone to produce 
an offensive odour. It also occasionally removes a portion of 
oxygen from the air, the amount of which is too trifling to be 
noticed particularly, except in so far as it may act upon matters 
suspended in the air, — the quantity consumed by the oxidation 
of the iron is altogether trifling. 

570. A chauffer (Fig. 154) supplied with coke, coal, or 
charcoal, with a door for fiiel and a tube attached to „, „ 

Fig. 154. 

it, that the products of combustion may be directly 
withdrawn, affords the most simple form of a stove. 
But stoves are made of a variety of materials, of which 
iron, porcelain, brick, and other species of earthenware, 
are the most common. The following are the most im- 
portant circumstances demanding attention in reference 
to the use of stoves. 

571. The High Temperature Stove is heated 
to various intensities, from a few degrees above the tem- 
perature of boiling water to a red heat. It has all the disad- 
yantages referred to in paragraph 577, in a greater and greater 
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degree^ as the t-emperature is highen The principal peculiarity 
that recommends it, is its great heating power ; not the quality 
of the ^arm air which it produces. If this fitoTe be used in the 
apartment in which it is placed, its form is comparatirely in- 
different* If placed in a ceHur, or in any place under the apart- 
ment to be waa-medj a chamber is usually fonned around it, so 
that the warm air wluch passes from it. may be conyeyed where 
it is desired. See the diagram of the common cockle. 

572, The great tendency of hot air from stoyes, and of all 
currents of hot air, h to ascend to the ceiling of the apartment 
in which they are evolved, so that innumerable instances occur 
where the heat may be oppressive ahoye, while, at the level of 
the floor, the air is comparatively cold. Hence all stoves are 
better when placed below the apartment to be warmed than in 
iti where local circimistances admit of this arrangement. 

573, The lai'ger the surface of the stove, and the less elevated 
the temperaturCj the less is the disposition of the warm air to 
accumulate above. 

574, The Low Temperature Stove. — Among the innu- 
merable stoves that have been described of late yearSj none 
deserves so much attention as the Arnott Stove, a low tem- 
perature stove that combines extreme economy of fuel with great 
facility of attendance, by those who take the trouble to make 
themselves familiar with the proper mode of constructing and 
using it* I have used several in my class-roomj as illustrative of 
this method of heating, and found thera to work well. In cases 
whierB the nature of the chininey has not been properly adapted 
to the stove ; or where it has been attempted to economise Uie 
fuel to an extreme degree, so that the products of combustion 
were cooled too much and lost their ascensional power ; or where 
the apartment in which it was placed was subjected to the ex- 
hausting influence of a passage or adjoining room drawing air 
powerfully from it, — then it is necessarily prone to smoke in the 
same manner as an ordinary fire, hut in a greater degree^ flx»m 
the more feQble ascending power of the current proceeding from 
it. This tendency has been counteracted gi'catly by the adap- 
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tation of a ycry ingcnioas ralye, for a description of wliich and 
the yarious details explained by Dr Amott, « ^^^ 

I must refer to the work he has published. 
Fig. 155 shews one of the simplest forms of 
the Arnott stoye. The yalue of the Amott 
stoye would haye been still more widely ap- 
preciated, had it not been frequently made in 
a manner not recommended by the inyentor. 
I add two remarks in reference to the work- 
ing of this stoye. 

575. I. The security of the discharge of the products of com- 
bustion should be facilitated in all cases where the chimney 
does not readily and at all times discharge them by allowing 
the combustion to proceed more freely than where an excellent 
chimney draught is giyen. In extreme cases, where no regular 
chimney could bo obtained, and where the draught was some- 
times indifferent, by connecting an ingress tube for fresh air with 
the fire-place, and leading it through the walls in the same man- 
ner as the chimney, all return of bad air is preyented, as in this 
case the extremity of the fresh air-tube, like the extremity of the 
chimney, has no connection with the apartment containing the 
stoye. The air may pass out or in, up or down, in the aperture 
referred to, but being without, it is a matter of no consequence. 

57G. II. The extreme economy of such stoyes, . arises from 
two causes, — the large amount of heat which is detained by the 
stoye, and the comparatiyely small quantity of air which is re- 
moyed by combustion. Hence, then, this stoye is not brought 
forwai'd as a stoye that will yentilate rooms like an ordinary fire, 
and the yentilation of the apartment must be attended to inde- 
pendently. 

577. The Porcelain Stove. — While there ai'e numerous 
stoyes to be met with abroad of tlie yery worst description, there 
are others of a yery superior quality, and, perhaps, as perfect as 
it is possible to procure. These m<ay be seen in Sweden, Russia, 
Gtermany, France, and other countries. The annexed figures 
vepreeent a form of stove which I saw used at Stockholm, by 



THE CONTINENTAL PORCELAIN STOVE. 



239 



Professor Berzelius, and at Berlin, by Professor Mitsclierlicli, and 
wliich has become yery common on tbe continent. Fig. 156 
shews the general appearance of these stoves, which are commonly 



Fig. 158. 



Fig. 166. 
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Fig. 157. 



ten or twelve feet high. Fig. 157 shews the fire-place, and 
Fig. 158 indicates the turns made by the flues; latterly, all 
angles have been removed, and the turns made circular. Dr 
TJre, in his evidence before the late committee of the House of 
Commons, on smoke, says that he is sure if I " had ever expe- 
rienced the effect of the stove-heated rooms of Eussia, Sweden, 
, or Germany, I would deprecate their imitation in this country, 
as the greatest of evils." I must tell Dr Ure, that I have per- 
sonally examined the arrangements to which I refer in my evi- 
dence, and that I consider that I have as good reason to recom- 
mend those stoves to which I adverted, as I have to deprecate the 
others to which I have referred in the first lines in this paragraph. 
I know none which produce a more mild, genial, and equal tempe- 
rature. There are few chemists who would not be satisfied that 
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CHAPTER IV, 

STEAM APPARATUS. 



57 9> The principal poculiarities which steam presents, com- 
pared with any of the preceding modes of commnnicating heat, 
is the facility with which steam apparatus can he sustained at a 
imifanti tcinperaturej the endless variety of forms into which it 
can he fashioned, the seenrity which it aftbrds against the possible 
introduction of smoke, as the fire-place may be entirely separated 
from tlie stream of warm ' air npon which it is made to act, and 
the distance to which steam can be conveyed from the boiler in 
which it is produced* With steam apparatus, there is not the 
game extent of power of adjustment j anch as is observed in hot 
water apparatus ; but it is, perhaps, more economical in construc- 
tion where it has to be conveyed to a considerable distance ; and, 
when fitted up in a chamber, from which warm air is to be drawn 
as it is requij^ed, and mixed with cold air before it is nsedj per- 
haps there is no better mode of applying heat, 

580, Steam-pipes often produce considerable noise when the 
steam is not sustained in suflkient quantity to prevent occasional 
condensation, the formation of a vacuum within the apparatus 
being accompanied with the noise produced by the sudden move- 
ments of steam or water within it. 

581, So far as I have seen^ in large public buildings heated 
by steam-pipes not placed in a reservoir below, but extending 
tbroiigt the building, the result is not so satisfactory as with hot 
water apparatns, as the steam must either be in full action, or 
not in action at all, whereas warm water may be maintained at 
any tempei'atiire below 212 that may be required. In other 
resi*eets, steam apparatus may be generally disposed in the same 
ijiiinnpr as hot winter apparatns. 
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CHAPTER V. 

HOT- WATER APPARATUS. 

582. Hot water presents certainly one of the most interest- 
ing applications of science te the means for the communication 
of heat. This mode of warming was invented and applied during 
the last century in France. About twenty-fiye years ago, it was 
systematized and very strongly advocated in this country by the 
Marquis of Chabannes, who evidently clearly understood its mode 
of action, and whose description at that period, very distinctly 
points out its leading advantages. He stated, in a small pam- 
phlet which he published, — 

" There cannot be a more perfect idea of the whole operation 
of the new patent water calorifcrc, than by comparing its boiler 
to the human heart, and the tubes through which the water 
passes to the bloodvessels in the human body. In the water 
caloriferos, the water is in constant movement as the blood in 
the veins ; it goes out of it by an upper tube, as the blood by a 
valve in tlie heart. It circulates through the house, ascends or 
descends at will, and returns into the boiler at the bottom to 
charge itself again with fresh caloric, as the blood ascends, de- 
scends, and passes again into the lungs to regain a new portion 
of oxygen, and recommence constantly the same function of 
carrying heat to the extremity of the body. 

" The fire-place is surrounded by a boiler, from the tep of 
which an ascending pipe leads to a reservoir (which is filled with 
water), and placed at the upper part of a house, or any where 
above the said boiler, and from which a descending pipe com- 

licates underneath the boiler, which may be carried in any 
m; the rarefaction thus produced by the heat in the 
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ascendijig pipe, occasions a presauro f^om tie colder water in 
the descending pipe, which establishes a perpetual circulation, 
and, by this means, peifomis the object of carrying the caloric, 
wherever it may be desired. 

** This new stoye is particularly recommended to all those 
who are prejudiced against the use of air heated in metal 
tubes in contact with fire. The air can thus never receiye 
above 160 or 180 degrees of heatj nor be in any way decom- 
posed in tubes which are heated by immersion in hot water ; 
while the pleasing effect of a soft and regular heat is constantly 
felt. The improyement may be added to all present stoyes, so 
that one fire will suffice to warm, at least, four rooms at the 
samo time* The expense of fixing the apparatus is small, when 
the economy in fuel, by heating so many rooms from a small 
fire, is considered ; besides the advantages of having hot water 
in every apartment, and getting rid of the dust of a fire in a 
bedroom, &;Cp The same fire may also heat a bath. Any 
kitchen fire to which the apparatus is attached, may warm the 
staircases, parlours, shops, ware-rooms, &e., — in short, tmj mim- 
Ijer of places, according to the size of the firCj which vrill, at the 
same time, supply hot water for all culinary purposes, the scul- 
lery, wash-houses, &c. Conservatories, hot-houses, and hot- 
beds j have been heated upon this principle with the greatest 
success ; and a fui*ther advantage in the water caloriferes is, that 
according to the situation, the heat may be given either aboye 
or below the fire. The method of heating by a circulation of 
hot water J is preferable to steam in many respects ; steam re- 
quires a strong fire^ and to be always kept up, whereas yery 
little fire is sufficient to keep up tlie heat in the water when 
once boiling, and to renew the caloric, which is continually pass- 
ing thj'ough the difterent apparatus for spreading the heat; it is 
therefore much more economical," 



583. The accompanying figure, 159, forms one of the illus- 
trations which he gave. It indicates the fire-place below, and 
the fiow-pipe a passing to the warm -water box i, and su^^l^- 
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ing all the caloriferes c c c ccc, the water returning ultimately 
to the boiler, that it might be again heated, and again follow 



Fig. 159. 




the same course in endless circles, so long as it received heat in 
the boiler, and lost it in the apartments which it warmed. 

584. The hot- water apparatus does not appear to have made 
any very marked progress as a valuable practical application, 
till it was introduced by Mr Atkinson in conjunction with Mr 
Barrow, of Messrs Barrow and Turner, by whom the hot -water 
apparatus was prepared that is used in the present Houses of 
Parliament, and whose experience and extensive practice neces- 
sarily advanced greatly the general introduction of hot- water 
*n|)aratus. 

' , To understand generally the manner in which hot- water 
act«, it may be sufficient to state, that as the cold water 
r ^regions sinks to the bottom of the ocean, and travels 
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in an under current towards the equator, while the warm water 
on the surface proceeds towards the poles ; so, in the same man- 
ner, making allowance for special movements that take place at 
a temperature below 40* in fresh water, when its ordinary 
movements are reversed from peculiarities connected with its 
expansion, cold or less warm, and consequently heavier water^ 
always descends, and pushes ^upwards warmer, and therefore, 
specifically lighter water. The following figures explain illus- 
trations of the movements of water, which are often shewn 
by currents of water partly coloured, this portion, on the appli- 
cation of heat, indicating the direction in which the currents 
proceed, till a uniform tint pervades the whole. 

586. A jar of water being heated, as represented in Fig. 
160, if the bottom of the sides be well heated, the ^^«^ ^^^ 
-water ascends on the side all round, and descends in 
the centre, 

587. Fig. 161 represents a tube with coloured 
litmus water below, and common water above. A 
lamp applied above heats and evaporates the water 
there, and no farther change is observed. But if 
the lamp be applied below, then the cold water 
there being expanded, the colder colourless water descends be- 




Fig. 101. 



Fig. 1G2. 





low it, and pushes it up. In this manner, a continuous circu- 



246 



HOT-WATER APPARATUS. 



Fig. 168. 



lation is maintained, till, from the constant mixture of the 
ascending and descending cnrrents, a uniform heat is obserred. 

588. Fig. 163 indicates a tubular glass apparatus, well 
adapted for shewing the manner in which hot- 
water apparatus operates, water being placed 
in one limb and coloured water in the other. 
The fluid moves upwards in the limb to 
which the heat is applied, descending in the 
opposite Umb. 

689. Figs. 164 and 165, taken from the 
Gardners' Magazine, illustrate the first arrange- 
ments made in this country in the preliminary 
experiments designed for heating hot-houses by 
hot water, upwards of twenty years ago, and 
to which I have already adverted, in mention- 
ing Mr Atkinson and Mr Barrow, of Messrs 
Barrow and Turner. 




Fig. 164. 




y 



Fig. 165. 




590. Figs. 166 and 167 indicate the circulation of water 

^n a bath heated by the action of a fire upon a large elbow A, 

water in it communicating freely with the water in the 
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bath B, both above and below. This form is extremely simple 
and effectual, the rapidity of the heating of the bath being de- 



Fig, 16S. 




Fig. 167. 
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pendent on the size of the elbow and the amount of fire which 
can be brought to play upon it. Where more rapid heating, 
and the power of subsequently warming and cooling the bath are 
required, more complicated arrangements are necessary. 

691. Fig. 168 shews an internal fire-place communicating 
with an extensive range of pipes and pedestals, one of which 
only is represented. When cold water is freely supplied from 
a large range of apparatus, a large fire may be freely applied to 
the boiler. This form of fire is more effective than that shewn 
in the preceding case, in proportion to the amount of fuel used ; 
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but the simplicity of the iron apparatus in Fig. 162 renders 
baths more accessible in many cases where fuel is economical, 

Fig. 168. 




and where more complicated apparatus is not readily obtained. 
The two covers above the smoke-flue are moveable. 

592. The an^angements adopted in some drying-houses 
shew a very effective form of applying hot ^'«f- ^®*- 

water apparatus, and one which it may 
be always desirable to keep in view, though 
the extent of diffusion given for such pur- 
poses is necessarily far beyond that required 
in ordinary apartments, and does not ad- 
mit of that amount of control which is de- 
sirable where it is necessary to provide for 
rapid fluctuations of temperature, and great 
changes in the numbers attending. The 
section and plan, Figs. 169 and 170, in- 
dicate the progress of the air from the ex- 
ternal atmosphere to the warming cham- 
ber ; from it the air passes through the 
drying-room, the rapidity of its flow being 
■^fi^ated by a valve, placed in the dis- 
nng tube, communicating with the ex- 
lir. 
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593. The most desirable arrangement of hot-water apparatus, 
in many large establishments where the apartments are not liable 
to be crowded, consists in providing a central warm water reser- 
voir a. Fig. 171, from which the whole building can be heated. 



Fig. 171. 




the warm surface being expanded where great equality of tem- 
perature is' necessary throughout the whole basement, as in 6, c, 
dj and e. The warm water passes from a boiler to a, proceeding 
then to 6, <?, d, and 6, and returning ultimately at a lower level 
to the boiler ; c and d are supposed to be finished in the same 
manner as h and e. 

594. But in all cases where it is necessary to have the power 
of providing, on the shortest notice, air at any required tempera- 
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ture, a hot-air chamber, from which hot air can be procured to 
the extent required, and a mixing chamber, in which it can be 
tempered with cold air, are essentially necessary. For this 
purpose, any form of hot apparatus, such as is represented in 
Fig. 172 (a plan), or 173 (a section), may be used ; h indicates 

Fig. 172. 



1 








the hot- water in both, supplied from the boiler, and communi- 
cating with the apparatus on cither side ; c, a glass tube shew- 
ing the height of water in the reservoir ; the waste yapour- 
pipe aboYC is usually led into the chimney. In all such cases 
the water may be led into an indefinite number of coils or boxes 
from the expansion-box, the circulation being always maintained 
from a to b, from 6 to e, and from e to a by /, as indicated ge- 
nerally by Fig. 174. 




595. Hot- water apparatus is made in an endless variety of 
forms according to the purpose to which it is to be applied, and 
the circumstances under which it has to be constructed. In Fig. 
176, a represents the boiler, b the flow-pipe, c the pipe for the 
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return of hot water, after losing part of its heat in communicating 
the temperature required, d the feed-pipe, supplying any loss 



Fig. 175. 



Fig. 176. 



ik 




of water from a cold-water cistern, e a smaller tube by which any 
air accumulating in the upper tube, and impeding the circulation, 
may be discharged. In Fig. 176, a indicates the boiler, h a 
hot-water reservoir, in which any air expelled from the water is 
collected, c the glass-gage, 6, €, 6, lateral communications for 
heating diflTerent floors, /, /, the descending or returning branch, 
terminating in g, by which the lower floor is heated. 

596. The preceding figures indicate the more common va- 
rieties of hot-water apparatus in use. A thermometer placed 
in mercury contained in an iron-tube, penetrating into the hot 
water, should be attached to the boiler, that the temperature may 
be regulated. The less the elevation to which the temperature of 
the water may be carried, the less is the apparatus prone to leak- 
age; the more concentrated the mass of the apparatus in any cham- 
ber, the more easily is it inspected ; the more extended the dis- 
tribution of the hot-water apparatus, the more equal is its action, 
and the greater the facility with which an equality of tempera- 
ture can be sustained, excepting the cases mentioned in para- 
graph 594. Local circumstances should be studied minutely in 
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mety caso bfforc any [jreference is gfren eitlier to the iggragiii 
en* «r%ti?Tirlocl frinriN ofapitaratu^ which hare been representee 

507« Ai to ilio form of boiler, none ap]>eafs to present m 
frifiny ftflvfi!itaj(«« a« tlie Cornish boilcTj in which the fire is sop- 
rfiUTirli'd on every f^ide by the hot- water apparatus. Tlie more 
Mimi^tif 'Igiti'fs ititroducecl in inany of the preceding iltnstrslioiis, 
hm b(>i>n given Aotcly that the diagrams might be rendered pIaiB» 
and ejiftlaimtory of tlio cinjnlation of the cinrent^- 
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Ilitjh Temperaiurtt Holr-}\aier Apparatus, 

51)8- Ik'Mi^h^H tbo ordinary mild hot- water apparatnSj another 
kirit] IiHi* been intnKlii€€d by Mr PerkijiSj which haspeciiliar ad- 
Tan tiiffOH anti cli«rtfivjintagos. The great peculiarity of thia ap- 
(larntiiN h i\n) circumstance, that tbongh provision is made for 
tlio t^xprinwiiiTi I if tbt^ water when it is heated, it has no freecom- 
tniHiiciUidn with the cstcrnuJ atmosphere; and being enclosed 
iRn^ordinpfly in air-tight tubes, it can be elerated to a tempera- 
inn* ihr beyontl lliat of boiling water. Hence it can comniuni- 
catc a luglu'r tonipcrature, in proportion to its surface, than 
miht liot- water apparatuei ; it can he introduced conveuiently 
where larger npparuttis is not applicable ; 
and, wbeii tlic coiU of this apparatus are 
covered by a nietnllic casing, having a more 
extensive !*yrnice than they pi'esent, any 
reilueed temperature oiay bo obtained from 
fbeni that may he required. The arrows 
iu tlie aceouipauying Fig* 177, indicate | 
the piHtgiTss of hot water fVom the coils in 
the l\iruaee» to any eoil, a^ intended to 
hi'ni the nnnu in which it is placed ; h is 
the expansion tube* On the other hand, 
if the tubes in this apparatus be used at the 
high temperatures which they can command, air coming ilirectly 
ill coaltict wit It them acquirers the same peculiarities that are 
observcil when it teuehes very hot iron-stoves at similar tempera- 
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es. This variety of apparatus should be carefiJIy distin- 
.shed from the mild hot-water apparatus prepared by Mr 
rkins, with tubes of a similar size. A very ingenious ar- 
igement has lately been introduced by Mr Perkins, for facili- 
ing the junction of cast-iron pipes used for mild hot- water 
paratus, which are connected, at once, according to his plan, 
being made to screw upon each other. 
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CHAPTER VI. 

TEXTILATION OF OIL-LAMPS, CANDLES, AND GAS-LAMPS. 

599, In the flame of eaodles, oil-lamps, and gas4ampa, the 
principal part of the light developed^ arigL^s from solid carbou 
(cliarcoul) at a white? heat, which is separated from the inflam- 
mable matter by the heat of the portion preWousIj consumetl, and 
temporarily suspended in an exquisitely minute state of diTision, 
This cai*bon proceeds more immediately from gas or vapour. 
When gas is not emi>Ioyed in the first instance, the production 
of gas or yaponr always precedes the separation of carhon, A 
candle or oil-lamp is not kindled till gas or Tapour, produced 
by the lieat applied, starts out from the inHammablc matter. 
Tlie continued production of gas or vapour is sustained by the 
heat of combustion , Eyery successive portion of gas and carbon, 
a.B it bums, produces the necessary intensity of heat for the illu- 
mination and ignition of that which follows. ^H 

000. Oil lamps and candles may be considered, in a practical^" 
point of view, as small gas-manufactories, the gas being dereloped 
on the wick where it is also consumed. Esscnthally, therefore^ 
it fs always gas that burnsj whethejr an oil larap^ a candle, or 
gas lamp he used. 

601. In all caaea, where ordinary inflammable matter burns, 
the comhustiou depends on the ojcygenatiou of the carbon a& 
of tbe hydrogen* 

GO 2. Carbonic acid being the product of the full oxygenation 
of carbon, and water the product of the oxygenation of hydrogen, 
these two substances tend to accumulate in the atmosphere of alt 
npartmputs, where candles, oilj^ or gas are used in the ordinary 
niauner. 

603. If air in excess be mingled freely with the inflnmmablo 
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matter^ so that any carboB, as it is sepai'at^d, shall be instantly, 
and, at the same moment, oxy^nated, tlie flame 'is never bril- 
liantly lominous, but of a pale blue colour ; this tint may he always 
observed at the base of the himinoue cone of a common cau<lle. 

604, If air be supplied less ft^eely, part of the carbon is sus- 
pended in the flame for a short time before it is consumed, and 
is then precisely in the same condition as a white-hot cinder in 
a furnace, 

605, If the combustion shall proceed so that the carbon is 
separated, but not heated to the same extent as in the last case 
then the light emanating fi^om it is less brilliant and rather red 
than white. 

If the supply of air be defective, so that part of the separated 
carbon does not receive oxygen, a lurid appearance is presented^ 
and unconsumed carbon finally produces a black smoke, 

606, If any cold material ^ as a slip of glass, be held in the 
white-hot flamej part of the carbon is deposited upon the glass. 

^^ 607. Though the same products are evolved in general from 
|Hn, tallow^ ivax, and gas, minute and special diflerences may 
r^ commonly be observed in consequence of portions of tallow, oil, 
or gas escaping combustiouj and being dissolved or suspended in 
the atmosphere. Special som^ces of contamination may also be 
observed at times, as where the fatty matter of candles has been 
hardened by arsenic, or where gas may not have been sufficiently 
purified from sulphureous compounds, the ai'seuical and sulphu- 

K;ous compounds then formed increasing greatly the deleterious 
poperties of the products. 
608* In considering the infl.uence of the products of combus- 
on formed during artificial illumination, even where no peculiar 
impurity is presented, it will be noticed that they are as destruc* 
tive and offensive to animal life as those formed by ordinary 
fires* It is desirable, accordingly, to discharge them by a chimney 
or some other means, in the same manner as those from the com- 
mon fire. But where the amount of illumination is small, and 
e apartment is otherwise ventilated, the amount of moisture 
and carbonic acid may be too trifling to render this necessary. 
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On the other hand, where the illumination is great, the products 
ought to be removed directly, however pure the oil, tallow, wax, 
or gas may be that is employed. Gas, when pure, does not 
evolve, during combustion, products that are more oflfensiye than 
wax, tallow, or oil ; but from its economy as an illuminating power, 
a large amount of it is, in general, used where it is introduced 
as a substitute for other lights. Further, all rooms lighted with 
gas, where special arrangements are not introduced for ventila- 
tion, are subject to the evolution of minute portions of uncon- 
sumed gas* ; the necessary ventilating arrangements for prevent- 
ing this will be shewn in future paragraphs. 

609. Another peculiarity connected with gas-lights burning 
in ordinary apartments requires special attention, viz., their ex- 
treme tenacity of combustion. Gas-lights bum for a considerable 
time in atmospheres so loaded with carbonic acid, moisture, and 
nitrogen, as to extinguish oil-lamps and candles, or to render 
their combustion comparatively feeble. They do not, therefore, 
so promptly indicate a gradually deteriorating atmosphere ; the 
nature of the gas burner used also affects the duration of the 
flame in vitiated air. The reason of this peculiarity in gas is 
abundantly obvious on considering that an ordinary gas-lamp is 
provided witli gas already formed by the action of heat, whereas 
oil, wax, and tallow require heat for the production of the gas 
beyond what may be necessary for its combustion. 

610. In the accompanying figure (178), the ordinary progress 

Fig. 178. 




rf vitiated air from lamps, candles, or gas-lights may be traced. 
An vitiated air from oil-lamps, or other lights, if not constrained 
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in ita movements by any local cuiTciit, passes directly towards 
tli6 ceiling of the apai'tment in wliich t!iey are placed, recoiling 
or descending from it as aiiccessire portions of warmer air dis- 
place it, and as it is subsequently involved in streams of fresh 
air passing from doors or windows to an open fire. Accordingly, 
all air above the level of tbc discharge may be intolerable, and 
loaded with the products of combustion, while a less impure at- 
mosphere prevails below i a and b indicate the entrance of fresh 
air ; c an ascent to the lamps ; d d the descent of the vitiated 
air, and its mixture with fresh air proceeding to c and e, 

611. It win be obvions from the preceding illustration that 
tlie gi'eat object in all cases, must be to drain off, directly from 
the ceiling, such products as lamps and candles may incline tliere ; 
ajudj if a sufficiency of fresh air be not introduced so as to expel 
these products with certainty, and prevent their returning to the 
zone of respiration, then, if it still be an object to prevent en- 
tirely their contaminating influence, these products should not 
be permitted to extend generally into the apartment, but be con- 
veyed at once from the place where they are formed to the chan- 
nel by which they are to escape* 

612, Exclusive Lighting consists essentially in the appli- 
cation of the principle now explained. The light may be aiTanged 
in any of the three following modcs^ according as circumstances 
may permit. 

1, Entirely or absolutely exclnsive, the lamp being without 
the apartment, and its light entering as the light of day passes 
tlu*ough the glass of an ordinary window. 

2, Essentially exclusive, the lamp descending in the apart- 
mentj bnt being supplied with air from without, while it is her- 
metically excluded from having any communication whatsoever 
with the air of the apartment. 

3, Practically exclusive, the lamp being supplied with air 
from the apartment which it illuminates, and the products of 
combustion being conveyed directly from it by an appropriate 
channel without contamioating the air in the apartment. 

013, The following illustrations in this chapter, and tho.«e in 

131 
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Fig. 179. 



the succeeding part,* explain the more important yarieties of 
gas-lamps, and the manner in which they may be yentilated. It 
is scarcely necessary to add, that oil-lamps may be treated in 
the same manner. 

614. In all cases where large lamps are used, and where much 
heat is dereloped, additional yentilation is often required, in con- 
sequence of the amount of radiant heat which they emit, though 
the products of combustion be entirely carried away. This is 
more essentially necessary when the lamps used are placed near 
enough to affect parties who hare not the opportunity of changing 
their position in respect to them. 

615. In a common candle, gas-jet, or plain oil-lamp, the en- 
tire surface of the luminous cone is on fire. The most 
brilliant combustion is a little above a a. Fig. 179. In 
the lower part of the flame, the excess of air and defi- 
ciency of heat and suspended carbon prevent the light 
from being powerful. In the highest part of the flame, 
the light is imperfect, when, from the diminution of tem- 
perature, or deficiency of oxygen, part of the carbon 
escapes combustion and produces smoke. 

616. In the interior of all ordinary flames, there is uncon- 
sumed gas, and by a tube in- 
troduced intoit, as in Fig. 180, 
part of this gas may be con- 
veyed to a distance and in- 
flamed, passing from h to c, 
where it is kindled on applying 
a light. 

617. If wire-gauze be held 
over the flame of a candle, as 
in Fig. 181, the structm*e of 
the luminous cone becomes beautifully apparent on looking per- 
pendicularly upon it. The unconsumed gas from the interior of 
♦4e cone may be kindled by applying a light above the gauze. 
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Fig. 181. 
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♦ See Experiments with Gas at the House of Commons. 
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618. The accompanying figures explain the form and structure 
of one of the most perfect varieties of gas-jets ; 182 indicates 

Pig. 182. Fig. 188. 




more particularly the form which the flame generally presents, 
and 183 shews a transverse section of the same flame, and of 
the channels by which the opposing currents of gas are led to 
strike against each other, and to flash consequently into an ex- 
ceedingly thin sheet of flame. The burning surfaces are exceed- 
ingly near each other, the gas between them is intensely heated, 
much gas is decomposed before it burns, much charcoal is tem- 
porarily suspended in the flame, becomes highly luminous, and 
is consumed without loss or visible smoke from the high tempe- 
rature to which it is subjected. 

619. In the ordinary argand lamp similar effects are produced, 
but not to the same extent, by causing Fig. i84. 
a stream of air to pass into the interior 
of an ordinary flame. If, into an ordi- 
nary flame, having the figure shewn in 
184, air be introduced by a tube a. 
Fig. 185, the form of the flame is in- 
stantly fdtered ; the original outline of 
the flame, indicated by the dotted line, 
disappears, and it assumes the tulip- 
shape that is seen on either side of ^. The flame has now be- 
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come an argaND flamOj and the oil or gas argand lamp only gires 
a more conycnient mode of sustainmg the same aiTangement. 

620. If the supply of air passing to the interior of an argand 
lamp, burning with a flame snch as Fig. 186 shews, be cut off. 
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by closing the centxal aperture below, immediately the flame ii^ 
extended as in 187, the gas burning only on the external surface 
m niaa ; whereas the surfaces in combustion in an argand pro- 
perly supplied with air are much nearer, as at a a in Fig. 188, 

621, In the solar lamp aiTangement, instead Fig. iso, 
of air being permitted to ascend, in the usual 
manner, around any flame, it is forced, by using 
a cuiTed glass or metallic directory to strike 
against that paii. of the flame where it is most 
important to have a sufficient and controlled 
supply of air ; the thick curved line between a 
and hf Fig. 189, indicates one of the modes of 
arranging the director in solar lamps. 

622, In argand lamps the most brilliant 
flame is not necessarily that which is best 
adapted to all the circumstances under which they may be used J 
Figs. 190 to 195 inclusive, show varieties of form, length, and 
brilliancy of flame, induced according to the mode in which air is 
supplied, and the relative amounts of gas and ajr that ai'e used. 
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1, An excess of air entering externally by a, a^ and mt(>r- 
nally by 5, causes a short and feebly luminous flamej Fig, 190. 

2. Every burner produces a maximum of liglit, when the 
moBt perfect combustion of the largest amount of gas it can con- 
sume is accompanied by the largest amount of luminous surface 
than can be produced without smoke. A llame, as large as is 
shewn in Fig, 191, may often be obtained with no more gas than 
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produces the short flame seen in Fig. 190, if the burner he dis- 
connected with any ilue where the draught might ha?e been ex- 
cessire, 

3, A deficiency in the supply of air^ produced by closing 
the aperture b (Fig. 192), a, a (Fig. 193), or ^, 194, may 
alter the appearance and length of the flame, as these figui^esf 
explain ; unless excessiye, it is not accompanied by smoke. 

623. By introducing discharging tubes, as in Fig. 191, the 
Same may also be modified according to the extent to which the 
tube may act upon it, the descent of a certain portion of cold air 
at the top retaxding the ascending cun'ent that otherwise passes 
from beloWj and making it less arailablej accordingly , for the 
supply of the lamp. 

624, Tlie preceding figures haying explained the great 
variety of appearance which flame assumes, according to the 
mode in which air is supplied tOj and withdrawn from it, it is 
scarcely necessary to remai^k, that by controlling completely both 
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the ingress and egre&s of air, great power is acquired in giiring 
any peculiar complexion to a gas-ligbt tliat may be required. 

625. In yentilating gas-lights, and other lamps, the same 
principles should be applied that regulate ventilation where 
noxious products are to be withdrawn from any apartment. In 
particular, they should be removed at once, and prevented from 
mingling with the general atmosphere of the apartment. Were 
this more constantly kept in view, gas-lights would not be so 
often, and so justly, the cause of complaint. The following 
figures should be studied in connection with this subject — 

1. If the tube a, Fig. 196, be deficient in power, part of the 
products of combustion escape into the apartment. 

2. If the power of a, Fig. 197, be excessire, then, as in Fig. 
195, part of the air of the apartment is carried away, — an object 

Fig. 196. Fig. 197. Fig. 198. Fig. 199. 
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of no consequence, but rather desirable, in general, where there 
is power to spare. 

3. If the yentilating tubes terminate in wide fiunnel-shaped 
apertures, as in Figs. ^198, 199, these do not, where there are 
any local currents, act better than the smaller tubes. They in- 
volye, in reality, all the objections of the old chemical hood, 
where bad vapours were withdrawn, after contaminating, in ge- 
neral, a considerable portion of air, instead of being at once 
removed by a ventilating power, acting where they were pro- 
"^nced. 

J26. From the preceding illustrations, it may be infeired, 
irhere it is desirable to secure the effective ventilation of 
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the gas-biimefs mi\i tlie least possible power, and in souio cages 
also, with the smallest yentilating tube applicable, uo mode is so 
important as that wliicli cooaects the yeetiJating tube directly 
with the burner, as is seen in Fig* 200. If a valve be placed in 
tlie Yontilating tube, it may be employed to regulate tbe amount 
of air supplied to the gas-lamp, by checking the products which 
puss from it. 

627* The figures, representing the arrangements made tor 
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the rentilation of the gas-burners 
iti the experimental apai'tment con- 
structed at Edinburgh, in the yeai* 
18865 f**!" determining various points 
bearing on tlie ventilation of the 
House of Commons, give more ex- 
tended illustrations of exclusive gas 
ventilation (See Part V,)j where none 
of the products from the gas could 
mingle with the air of the apart- 
ment. Means were also provided, 
■which prevented any gas escaping 
by leakage from entering the apart- 
ment. 

628. Since that period, various burners have been introduced, 
in which the same mode of ventilation lia^i been adopted. 

629. In the original bube-light, introduced by Mr Gurney, 
oil and oxygon were used, but now air and coal-gas are employed, 
Its nature would have heen more generally understood had it been 
termed an Imp roved GAf^-BimNER, lu this very valuable 
light, concentric rings of gas are used in the same manner as 
concentric wicks are used with oil in Fresuers light-house lamp. 
It is sometimes made with gix^at simplicity of form ; in other 
cases, extended arrangements are introduced iu unison with the 
peculiar circumstances in wliich it may have to be employed. The 
toiijperature to which the gas is heated, m it emerges fi^om the 
gm tubes, enables it to atfbrd precipitated cai^bon at the instant 
it escapes fiHjm them, and, accordingly, the luminous surfai^e is 
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larger than is observed in gas emanating from a comparatiydy 
cold metallic tube. Where there is no objection to a bright 
light, or to obscured glass, the present form of the plainest rsr 
rieties of bude-lights include many adyantages. The tempera- 
ture to which the gas is exposed, before combustion, should be re- 
duced so as to preyent any deposition of carbon within the gas- 
tubes. 

630. Figs. 201 and 202 shew the gas lamp described by 
Mr Gumey in the Repertory of Patents, a is the gas flame; 




Pig. 202. 



h the chimney .; e and /, two reflecting surfaces ; the reflecting 
surface e, diffuses the light of that portion of the flame which is 
below it, downwards ; the reflecting surface /, diffuses all the 
light of tlie part of the flame which is above it upwards. The 
dotted lines shew the application of a ground glass refractor 
above the reflectors ; a refracting zone is placed above the re- 
ctors, which consists of a cylinder of glass, cut on the outside 
) prismatic projecting rings at such angles as to direct the 
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light in the desired directions. The figs, also shew a sectiyn 
and plan of a burner made of concentric rings, g, h, I, of tiihing, 
perforated on the upper surface ; b shews the upper glass chim- 
ney of the hnrner. 

631. In the large Boccius Bcbners. vhich are represent- 
ed by Figs. 203 and 204, two metallic Fig.aoa. 
chimneys, placed in a peculiar manner in 
reference to the flame, and concentric 
burners, such as are used for the bude- 
light, but elerated above each other, 
constitute the principal peculiarities. 
A, the crutch ; B B the concentric 
rings ; C the wires for supporting the 
metallic chimneys ; D the space between 
the metallic chimneys ; E tlic flame ; F 
the space between the outer metallic 
cliimiiey and the glass chimney which 
surrounds the whole, 

632, Figs. 205 and 206 shew a plan 
and section of Dr Faraday's ventila^ 
ting gas-burner; — a is the burner; h 
the gas-pipc leading to the burner; e 
the glass-holder, with an aperture in it 
opening into the mouth-piece d, which is 
attached to the metal chimney i ; e the 

^dinary glass chimney ; / the outer 
flinder of glass closed at the top by a 
plate of mica, g, or still better, by two 
plates of mica, one resting on the top of 
the glass, and the other onOj /*, dropping 
a short way into it ; they are connected 
together by a metal screw and nut, which 
Jso keeps them a little apart from each other ; i the metallic 
Bbe chimney ; k a ground globe which may be applied to the 
lamp, haying no opening except the hole at the bottom, Fig. 
)6 shews more particularly the burner ^ m the centre, around 
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which the fresh air enters, and the aperture d which opens into 
the mouth-piece connected with the metallic chimney i. The 
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principal difference between this and the exclusiye burner, I 
explained at the Royal Institution in the year 1842, is the 
descending movement given to the products of combustion after 
they escape from the luminous cone or flame, and before they 
are conveyed to the tube by which they are discharged. This 
descending movement will prove very advantageous, where it 
may be desirable to display the gas in special lustres, and to 
combine with this the advantages of exclusive lighting in the 
manner recommended. 

633. With this exception, burners from which the air ascends 
directly have the following advantage : — 



1. They require no forced current to commence their action, 
whereas the descending burner cannot be kindled, except under 
nflinence of a forced draught. 
The heat produced by the combustion of the gas is car 
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|>ivblc of beiug more quickly witlidrawn by its direct asccntj an 
objeet whiclj is oftoii of great importance in some apai'tmentSj 
and wMch has been secured to a greater degree in the Gothic 
pendant ezclnsiYe burners, than by any other modej except 
where the light was placed altogether out of the apartment. 
But in the descending burner, a gknco at its form will shew 
that it must necessarily retain a larger amount of heat at a 
iow^ leyelj than those lamps where the products of combustion 
ascenil dii-ectly from the burner. 



634. Figs. 207 and 208 represent the most powerful gas 
burner I have hitherto used for the pur- Fr^f, ad?. 
pose of illumination. It was one of those 
made by Mr Faraday of Wardous Street, 
according to a plan by Mr Manby. 
The glass cylinder Mith which it was em- 
ployed being too liable to breaij I sub- 
stituted a mica cylinder, ten inches in 
diameter, and 18 inches long. At the 
masque ball at Buckinghaui Palace^ this 
burner was placed over the throne, and 
Tentilated by a communication estah- 

hed between it and one of the chimneys* 
tt was suhsequently placed in Tippoo 
3aih\^ tent. 

635. The eflect of this burner was 
eatly increased hy causing the gas used 

pass orer warm naphtha, when it be- 
came more luminous according to the 
amount of oil absorbed* The arrangement 
for this purpose, recommended by Mr Lowe, 
has many advantages, where ga^ is used that is not powerfully 
jUuminating. The annexed Fig. 209, represents one of the 
aphtha boxes, containing many trays of this liquid oyer wliiclt 
"the gas is made to pass that it may imbibe the naphtha. 
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quently equalized by obscured glass, or otherwise, is not con- 
sidered suitable, a series of flat jets thrown into circles, <rfien 

Fig. S09. 

■3B= 




presents a very pleasing effect. The annexed Figs. 210 and 

Fig. 212. 



Fig. 210. 







Fig. 218. 



Fig. 211. 





1 represent one of these double circles, which produced a 
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yery pleasing effect in the apartment in which it was placed, 
the yentilation haying been snfficient to carry away all the 
yitiated atmosphere it produced. 

637. Figs. 212 and 213 represent a different form of bur- 
ner, which may be introduced, with adyantage, in peculiar situ- 
ations, where a sufScient yentilation can be conmianded ; but 
it is not regulated with facility, and presents no special recom- 
mendations where the form of the light, as seen from a distance, 
is not an object. Mr Dayid Cowan (Hungerford Street, in the 
Strand) has lately introduced an argand ring burner, which ho 
prefers to the ordinary form of the argand burner. 



PART IV. 

VENTILATION OF THE PRESENT HOUSES OF 
PARLIAMENT. 



638. In the year 1835, on the motion of Benjamin Hawes, 
Esq., M.P., a select committee was appointed by the House of 
Commons, " to consider the best mode of ventilating and warm- 
ing the New Houses of Parliament, and of rendering the same 
favourable to the transmission of sound, and empowered to ex- 
tend their inquiry to the present houses." The committee, 
after examining different witnesses, having recommended that 
" some, if not all, the alterations suggested" by the author, 
" should be submitted to the test of actual experiment," very 
extensive alterations were made under his direction in the 
autumn of 1836, after a communication which ensued between 
Mr Hawes and the Chancellor of the Exchequer, and the Com- 
missioners of Her Majesty's Woods and Forests. 

639. Dr Reid is glad to have this opportunity of acknow- 
ledging the valuable assistance and advice which he received 
from Mr Hawes, the Chairman of the Committee, on acoustics 
and ventilation. Nor can he omit expressing his great obli- 
gations to Lord Sudeley, the chairman of the commissioners 
appointed to select the design for the New Houses of Parliament, 
especially for his kindness in designing the architectural ar- 

'^igements, which so materially advanced the progress of the 
rations. He had also the advantage of frequent communi- 
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eationB with Benjainin Smith j Esq., another member of the House 
of Commons' committee, who had paid much attention to tlie 
objects the committee had in view. 

640, The defects complained of were the imperfect com- 
munication of Bonnd, and the state of the yentilation* The 
subject will be most conveniently considered nndcr three sepa- 
rate heads- — ^viz. Ventilation, Lighting, and the Communication 
of Sound. In the House of Peers, the ventilation was altered 
three years after the first experiments made at the House of 
Commons ; hut as they were not carried to the same extent, a 
shorter notice is given of it in describing the ventilation of the 
House of Commons. 

64 1 - Pl^e>aous to the appointment of the committee on acous- 
tics and ventilation, tlie state of the atmosphere in both Houses 
of Parliament appears to have again and again attracted at- 
tention from the time of fSir Christopher Wren to Sir Humphrey 
Davy. Numerous referencev*? are made to the condition of the 
air in the House, which is often described as foul, rancid, or 
jmstiferous. I understand from Mr Bellamy, that so late as in 
1790^ charcoal braziers were used for heating the House, no 
means being taken to carry off the carbonic acid produced be- 
fore the members assemhledp The following quotation is taken 
from the report of a committee appointed in 1791 : — 



** Upon consideration of the several plans laid before them, 
your Committee think that the fii^st proposition in the plans of 
Mr Holland, for carrying oflF the foul and rancid air from the 
House, the estimate of which amounts to L.45 ; the plan of Mr 
AValker for regulating the temperature of the air in the House, 
the estimate of which amounts to L;120 ; Mr Jones' plan fi^r 
the thei*momcters, amounting to L,14, 14s, ; and the plans of 
Mr Bramah, contained in Nos. 1, 2, 4, 5, and 6, amounting to 
Ii.405, 12s,; should bo carried into execution as soon as pos- 
sible. 

** And for the purpose of making a proper experiment of the 
powers of Mr Whitens machine, your Committee think that the 
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(/Wk #if thi; lUmrA ft VfmkA shooU be Acefeeii»tab^ 
m^mt \fTtt\H^ tn^h/Kl fif fipening the cmred wwk ^p«K ^fe mt- 
ni/;«i ^if IIm; ifdUmtm /imament in the eentre of tke ceSK4f tk 
I^FijM% M/i aM th^; foul air may be condncted fnnat ikenee «»tk 
)rlm'^5 wImtti) Mr Whit(!*ff machine maj be placed.^ — Cwuwai' 
%UmnyilM, rol. xlvi, pa^e 415, 15th April 1791. 

VarioiiM oihitr c^mimittCGit were appointed berveen the ycm 
1800 and 18^5. 
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CHAPTER I. 

VENTILATION. 

642. The great basis of all yentilating arrangements is the 
amount of supply which may be considered adequate for the 
apartment to be yentilated. Entertaining the conviction that 
no satisfactory progress would be made in the systematic ven- 
tSation of buildings, ships, or mines, till this primary question 
was settled, and that erroneous estimates on this point had 
done more to impede the progress of ventilation than any other 
cause, a series of apartments were constructed at Edinburgh, 
in which numerous trials were made previous to the commence- 
ment of the alterations made in the House of Conmions, the 
arrangements introduced in the largest of these having placed 
the supply of air, both as to quantity and quality, entirely under 
control, and the experiments having been made with numbers, 
varying from one individual to two hundred and forty persons. 
The result of these experiments having confirmed me in the 
opinion I had formerly acted upon, the following leading altera- 
tions were made in the present House of Commons, formerly 
(before the great fire) the House of Peers. 

1. The area of the discharge was increased to 50 feet.* 

2. A power was placed upon it, so as to increase many times 
its eflfective action. In the former arrangements, smoke from a 
small furnace has been known to return by the ventilating aper- 
ture. I am not aware of any one case where there has been a 
return of vitiated air by the present arrangements, since they 
were finished in 1836. 

♦ In Sip Humphrey Davy's plans, when it was the House of Peers, the area of 
discharge was one foot. 
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3. The area for ingress of air was equally increased. 

4. The descent of cold currents upon the head was entirely 
stopped by an interior glass-ceiling. 

5. The movement of air, from its ingress to its egress, was 
regulated as in a pneumatic machine, the house, in this respect, 
being treated as a piece of apparatus. 

6. The hot apparatus was augmented and placed in a chamber, 
so as to be at all times in readiness, and afford, at a moment's 
notice, any amount of warm air that might be required. 

7. Mixing-chambers were provided, so as to allow the warm 
air to be mingled with any portion of cold air, according to cir- 
cumstances. 

8. An equalizing chamber was formed below the floor, that 
the local currents, otherwise apt to form unequal eddies, might 
be broken, and terminate in a uniform supply to every part of 
the floor. 

9. The most extreme and universal diffusion was given in the 
floor, by piercing nearly a million of apertures, and breaking the 
force of the air passing tlirough them by a porous and elastic 
hair-cloth carpet. 

10. Arrangements were made in the lobbies by the alternate 
disposition of mats, and of Russian scrapers, in the floor of the 
lobby, to secure the greatest possible exclusion of every source 
of impurity that could aftect the air. These arrangements 
engaged attention for some months before they were satisfac- 
torily adjusted ; by a new disposition of the seats, a suffcient 
diffusion may perhaps be obtained ultimately without permitting 
the air to pass through any place which the foot may touch. Uni- 
versal diffiision, however, to the most extreme degree possible, 
is the great desideratum, that local currents may be entirely 
arrested, and every place have a like share of fresh air v/ith the 
least possible movement. 

11. The galleries were supplied with fresh air, the force of 
the movement induced tliere repelling the vitiated air which 
ascends from the floor below. 
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12. A chamber was provided for moigtening, drying, cooling, 
and producing other alterations in the air, besides those effected 
by the hot- water apparatus. This chamber was proyided from 
the commencement, and on one occasion, shortly after the 
House opened, subsequent to the completion of the ventilation, 
seventy gallons of water were evaporated at a single sitting. 

13. A veil was provided, forty-two feet long by eighteen 
feet six inches deep, for excluding visible soot. By this, in the 
worst state of the atmosphere, it is found that 200,000 visible 
portions of soot are sometimes excluded on a single evening. 

14. The air, from the principal drain in Old Palace- Yaid, 
which contaminated the air entering the houses, was controlled 
and conveyed away by an under ground ventiduct communicating 
with the shaft. 

15. Numerous other sources of oflfensive air were controlled 
in the same manner. 

16. The quantity of air supplied to the House of Commons 
was placed under the control of a single valve, so that the move- 
ment could at any time be arrested at a moment's notice, or 
adjusted to any proportion between zero and the highest power 
that can be commanded. 

643. After these explanations, a few memoranda will be suf- 
ficient to explain the following diagrams, illustrative of the alter- 
ations made for sound and ventilation. 

644. Fig. 214 gives a view of the present House of Com- 
mons. A the bar, B the table before the Speaker's chair, C the 
ministerial side, D the opposition, G the members' galleries, H 
the reporters' gallery (the strangers' gallery is opposite to it), 
L, L, the ceiling forming the base of the foul-air ventilating 
chamber, K, K, glazing, extending from end to end of the House 
of Commons, introduced for improving the communication of 
sound, for the diffusion of light, and for preventing cold air from 
being precipitated from the external windows. 

645. Fig. 215 (plan) shews the lower air-chamber T, T, into 
which the air flows by the cold-air passage A, from the first or 
receiving chamber C, C, C, the doors b, h, of the heating appa- 
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ratus d, d, 6, being closed. The air is admitted into C, C, C, by 
numerous appertures from the external air. Apparatus i(x 
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cooling the air may be placed in C, C, C, or A. The air haying 
reached T; T, escapes into the equalizing chamber above it, by 
different apertures, represented in Figs. 218, 219. 

646. In Fig. 216, the progress of air from C, G, G, is shewn 
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when it passes along the heating apparatus d, d, e, in B, the 
door b, &, being thrown open, while those, a, a, of the cold-air 
passage A, are shut. 
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Part of the hot air may be led at times through the commu- 
nicating chamber c, c, when the doors there are opened, the 
outer door of A being shut, while those within are opened. 

647. In Fig. 217, the air is observed entering partly by the 
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cold-air passage, and partly through the communicating passage 
when the doors c, c, are opened, and the other doors, arranged in 
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the manner represented, meeting at right angles with the cold 
air from A, so as to promote, as much as possible, a complete 
mixture. 

Fig. 218. — As the air advances from T T to the equalizing 
chamber, between it and the floor, it strikes upon the dispersers 
L L L, and then flows in a slow, but uniform stream, through the 
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VENTILATION OF THE HOUSE OF COMMONS, 

apertures in the floor, gradually escaping tlirough the hair floor- 
cloth H H n, irom which it ascends to the ventilator M M M^ 
and descends by N, from which it passes to the air-shafl.^ 
Tho rapidity of tho movement is regulated by the Talve X, which 
can he opened entirely in a crowded house, or closed to any extent^ 
ac cortling to the number of members present . The apert m*es i n the 
upjjer ventilating tube increase in number m they recede from the 
shafts a proportionally greater area being required to withdraw the 
air from the House in an equal stream. It will be noticedj also, 
that there are air-chambers below the floor of the galleries, com- 
municating freely with the equfdizing-chamber, so that there, 
also, fresh air is supplied through the peribmted floor and porous 
hair-cloth 11 H H, in tlie same manner as in the body of the 
House* By bringing down the air from the ceiling to the groundj 
through the descending tube N, it is not necessary to elevate the 
shaft so high in the air as would have been required had it been 
placed on the roof, while the comparative security of the founda- 




tion is also advantageous. But in buildings constructed origi- 



282 



VENTILATION OF THE HOUSE OF COMMONS. 



nally with a view to ventilation, it is desirable to have no descent 
of warm air. 

648. Fig. 219 gives a transverse section, illustrating the 
progress of the air from the tube below, by the different apertures, 
into the equalizing chamber, and from it through the floor, both 
of the galleries and body of the House, to the upper ventilating 
tube. 

649.' While the air enters with extreme freedom from the 
whole extent of every riser on the floor of the House of Commons, 
its ingress being merely equalized by the very porous hair-cloth 
that hangs before them, a still greater amount of diffusion is ob- 
tained by the perforations in the floor, the hair-carpet there 
producing a similar effect, and multiplying indefinitely the diffu- 
sion with which the air enters. Fig. 220 shews the amount of 

Fig. 220. 
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diffusion given at first ; the number of apertures was afterwards 
doubled. The central hair-cloth is changed daily. 

650. Fig. 221 gives a connected view of the different points 
referred to in the preceding paragraphs ; a the vitiated air from 
the drain in Old Palace Yard, controlled by the underground 
ventiduct, and conveyed directly to the shaft ; h the fresh air 
entrance when the air is taken from Old Palace Yard, with the 
suspended fibrous veil, 42 feet by 18 feet, for excluding mecha- 
nical impurities ; c temporary apparatus for moistening or wash- 
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ing the sir; de the hot air chamber communicating with e, the 
lower air chamber, which receives warm, cold, or mixed air, ac- 
cording to the temperature required ; // deflectors for diffiising 
the air in the equalizing chamber gg ; hb the supply for the 
galleries conreyed from g, by the channels between b ajidg ; the 
dotted lines abore y, and below z, shew the flow and return-pipes 
from the hot water boiler, which is placed at x, and supplies the 
hot water apparatus in d e. The large arrows from the renti- 
lating chamber B, indicate the progress of the air to the renti- 
lating shaft, while small arrows indicate the discharge of yitiated 
air from the libraries and various other places in the vicinity of 
the shaft. A indicates the external windows ; C C the original 
altitude of the ceiling ; and D the vitiated air channel from the 
House of Peers, communicating ultimately with the shaft that 
ventilates the House of Commons. 

651. Fig. 222 is a scheme illustrative of the various apart- 
ments or vitiated air channels which can be controlled by the 
present shaft, every arrow indicating a special aperture upon 
which the shaft can be made to act. 

a The drain in Old Palace Yard. 
b The House of Commons. 
c The House of Peers. 

d Stoves, fire-places, and various apertures connected with 
the Experimental Room. 

e Offices on the New Works. 

/ A dust-bin. 

g Watchman's fire-place. 

h Steam-boiler. 

i Boiler-room. 

k Apparatus-room. 

I Waiting-room. 

m Miscellaneous closets, &c. 

652. In hot and sultry weather, the full power of the shaft is 
not too much for the House of Commons ; but, as both houses 
we not oft^n crowded at the same period, it is generally sufficient 
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for aU urdinary pm*poses, and wlien extra power is required, there 
are means for applying it temporarily at the Houwe of Peers. 
Extra power is more especially necess^u^ when meinbers of the 
House of Commons crowd at the bar of the House of Peers to the 
extent of one upon eyery square foot. It may be neceesary to 
renmrk, that the sKaft was built originally for the House of 
Commons alone^ but that it is abundantly suflicient for both 
kouses when neither are crowded, 

653. Fig. 223 represents another form of wasHng apparatus 
constructed in a Tault under the present House of Peers, which 
has long been familiarly known as Guy Fawkes' vault. It was 
arranged in a temporary" manner, at a yery short notice, with 
the Tiew of showing the effect of drawing air loaded with soot and 
other matters, througli myriads of particles of pure water^ or 
water charged with lime or other absorbents of offensiye impuri- 
ties. The air, in entering through the gan^e A, deposits the 
more gross mechanical impurities. Minuter particles, which 
may have escaped the gauize, are detained by the pai^ticles of 
water formed by the dashing of the fountains upon the walls, and 
arrested ultimately hy a second or a third gauze veil through 
which the air must pass, Tlie amount of water given in this 
temporary arrangement is regulated by a valve placed upon the 
pipe C. It is scarcely necessary to mention, that the water 
cools and moistens the air, besides retaining the impurities men- 
tioned, The air from tlus chamber can be conveyed to the 
House of Commons, as well as to the House of PeerSj when the 
air in Old Palace Yard is o^ very inferior quality. 

654. Fig. 224 is a view of the present House of Peers, A 
the throne, B the woolsack, C the judges' seats, D the table, 
E the ministerial seats, F the opposition, G the cross benches, 
H the bar. 

655* Fig, 225 is a plan shewing the disposition of the seats 
in the House of Peers, in which the references are the same as 
in the preceding figm*e. 

056. The House of Peers was ventilated several years after 
the House of Commons, and the ventilation was arrang^ed esscn* 
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tially in the same manner; but the principles applied at the 
House of Commons not being carried out to the same extent, a yery 
great diflTerence may be noticed between them, whenever the cir- 




Fig. 227. 




cumstances are trying, so as to call for full, efficient, and diffusiye 
ventilation. In particular, the mixing, the equalizing, and the 
diffusing arrangements in the House of Peers are not placed on 
the same footing as those in the House of Commons, while its 
proportions, unequal galleries, extreme altitude, the numerous 
doors which it presents, and the crowds that frequently collect 
below the bar, render it subject to many disadvantages which 
are not observed in the House of Commons. The accompanying 
Kgs., 226 (the House of Commons floor) and 227 (the House 
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of Peers floor), represent, in particular, the extreme diffusion in 
the floor of the House of Commons, compared with that in the 
House of Peers, the dotted surface and the dotted lines indicat- 
ing the porous surface at which the air enters. 

657. Figs. 228 and 229 represent a plan and section, illus- 
tratiye of the ventilation of the throne. It is ventilated by 




Fig. 229. 
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special arrangements, controlled at the air-channel a, which sup- 
plies the chamber b, from which the fresh air is difiused around 
the chair at c, d, e, or other places. 
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658. The following extracts from the eridence laid before a 
committee of th^ House of Peers, appointed in reference to the 
New Houses of Parliament, explain the leading differences be- 
tween the yentilation of the House of Peers and that of the House 
of Commons : — * 

" With respect to what was done under these circumstances, 
having stated at the commencement the difficulties of the sub- 
ject considering the means placed at my disposal, I mentioned 
that I could make openings for letting out air, and openings for 
letting in air, with such diffusion as the grant permitted. It did 
not permit me to giye a floor, such as was giyen in the House of 
Commons. At present, the complaints that haye been made 
refer principally to two circumstances, as far as I haye traced 
them. In the first place, they refer to the admission of air 
behind the back ; that can be entirely stopped, wheneyer it is 
wished, and air admitted by the bar, and under each individual 
seat, in greater quantity than is done at present. I have re- 
peatedly, during this very session, been present in the House of 
Peers, when numbers have left it, some because it was too hot, 
and some because it was too cold, at the same moment ; and I 
have stated, that our great difficulty is, that members of that 
House do not tell us, so frequently as is desirable, when they 
find too little air coming in, or too much. I have been there, 
under circumstances, when we have been quite at a loss how to 
proceed from the great diversity of opinion entertained by dif- 
ferent members, and sometimes for three or four weeks succes- 
sively, no communication is made upon the subject. We have 
the power of shutting off entirely all ingress of air, or of in- 
creasing gradually to any extent, till we arrive at the highest 
power we can command ; but it is rarely that communications 
are made to us. 

" I have never yet, so far as I am aware, been called upon to 

remedy a complaint that was not remedied immediately, when 

no incompatible demands were made at the same moment by 

other parties, which necessarily restricted the extent of the 

^alterations that might have been made to accommodate these 
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demands. I must except, however, the local influence of cold 
glass, where the protection of double windows is not given ; and 
the effect produced by air from cold or unventilated lobbies, 
when the doors are not sufficiently closed to afford protection 
against them. I also know, that individuals have stated that 
they have remained for a wh<de evening uncomfortable, without 
even telling us, though there was a person stationed in the House 
for this purpose. I believe the committee will find, that, with 
these exceptions, no complaint has been made which could not 
have been immediately removed, though it is impossible to at- 
tempt to obviate individual complaints by diminishing the ingress 
of air at particular places, without reducing the general supply of 
air, or increasing the currents in one place as they are diminished 
in another." 

I need scarcely add, that I do not here refer to impurities in 
the external atmosphere, which, as explained in another place, 
are often, from their magnitude, altogether beyond control, ex- 
cept by the action of special chemicals, which are resorted to as 
rarely as possible. 
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CHAPTER II. ' 

REMAEKS ON THE VENTILATION OF THE HOUSE OF 
COMMONS. 

In directing the yentilation, great difficulty is often experi- 
enced in ascertaining the feelings of the members. They neces- 
sarily fluctuate with every change of circumstances in the state 
of the internal or external atmosphere that is not immediately 
controlled, independent of the extreme diversity of temperament 
that may be expected to prevail where so many are assembled 
in the same apartment. The first remark made after the House 
of Commons met, subsequent to the alterations, was, — " The 
temperature was rising, we shall Jbe suffocated immediately." 
This was addressed to me by a member walking from the bar to 
the door, and ho had no sooner passed than another followed 
him, hurriedly stating as he passed, " I am shivering with cold, 
I can bear this house no longer." I went to the lobby and stated 
to each what the other had said, when a conversation ensued as 
to the most desirable temperature, as it was obvious, that, un- 
less a peculiar atmosphere were prepared at each place, it would 
be impossible to do more than give an average quality, particu- 
larly when some members demanded a temperature of 52°, while 
others required a temperature of 71°. 

659. The House is heated to 62"" before it is opened, and 
maintained in general at a temperature between 63° and 70°, 
according to the velocity with which the air is permitted to pass 
through the House. 

660. This velocity is necessarily regulated by the numbers 
resent on a given space, the temperature to which the air can 

\ reduced in warm weather, and the amount of moisture which 
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it may contain, wben tlie quantity may be exeessiye. Some 
members are mucli more affected by an excess or deficiency of 
moisture, than by alterations of temperature* 

661* In extremely warm weather^ the walls sometimes attain 
a still higher temperature, but by increasing the velocity, air 
even at 75*' may be rendered cool and pleasant to the feelings. 
Much is frequently effected in cooling the House in summer by 
drawing cold air through it during the night time after the 
members have retired^ by the evaporation of water, by the con- 
tact of air with cold water apparatus,* and, in rare caseSj by the 
use of ice i but no mode is more capable of regulation j so econo- 
mical, and 30 readily available, as a variation of velocity. The 
more marked movement of the atmosphere which increased 
velocity renders necessary, should prevent it from being resorted 
to in a greater dc^ee than may be absolutely essential, 

662, Attendants on the Tentilation take the temperature 
periodically during the sittiugSj and are constantly ready to re- 
ceive instructions as to the alterations required when they may 
not have anticipated them, though this they are in genei'al en- 
abled to etfect. But as no one can ever be an exact judge of 
another* s feelings, and from the great diversity of requests at times 
communicated to them^ and the fact that extreme constitutions 
are necessai^ily most prone to demand changes, while their indi- 
cations are less likely to conduce to the general comfort, it is not 
unfrequently difficult for them to decide as to complaints ; com- 
munications, therefore J as to the ventilation, are usually addressed 
to the Sergeant-at-Arms, whose knowledge of tlte general expres- 
sion of opinion is always a safer guide than that of individual 
members. In some cases, where the debates in both Houses 
have continued for a long period, and the fluctuations have been 
great both in the state of the weather and of the numbers at- 
tending, I have occasionally p in studying details as to the action 
of the ventilation, made, with advantage, fi'om 50 to 100 varia- 
tions in tho quantity or quality of the air supplied in a single 



* TH« sutii« ihiki ii ua«d i^ hot~wfitev appftratus in cold wettUier. 
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night. It is only by constant examination of the state of the 
atmosphere in different parts of the House, and especially by 
noting the effect produced by local aggregations, which always 
determine peculiar eddies, that the demands made can be met 
with that average supply and quality of air, which is alone prac- 
ticable in a public assembly. 

663. Fluctuations, indeed, are sometimes so frequent, and to 
so great an extent, that the attendants cannot give the average 
approximation of which the apparatus is susceptible, unless they 
are perpetually directing their attention to the passing changes 
in the same manner as a sailor steering a ship. 

664. Since the alterations were made in 1836, the atmosphere 
with which the Right Honourable the Speaker is supplied, has 
been placed under special control. Before this was done, it was 
impossible to give the kind of atmosphere generally desirable in 
the House, and, at the same time, to meet the very different cir- 
cumstances which always require attention in a case where the 
peculiar duties, and a sitting extending so frequently to ten or 
twelve hours, or to a longer period, necessarily demand special 
modifications. The same has been done, also, in respect to that 
provided for the Scrgeant-at-Arms. 

665. Some constitutions differ so much from others, in re- 
spect to the air which is most suitable for them, and are so much 
affected by variations in the temperature and moisture of the 
air that may be almost inappreciable by others, that, where it 
may be requested, I have certainly been led to entertain the 
opinion, that any member who may have specially to address the 
House, should have some 'J)reference at least, in controlling the 
temperature and the ventilation when he is so engaged. 

666. The temperature may always be advantageously increased, 
and the velocity diminished, before the usual dinner hour. 

667. After dinner, other circumstances being the same, the 
temperature should be diminished, the velocity increased, and 
the amount of moisture in the air reduced, when practicable. 

668. During late debates, as they advance to two. three, 
r, and five in the morning, the temperature should be gradually 
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increased as tlie constitution becomes more exhanstedj except in 
cases where tlie excitement is extreme* 

669. The atmosphere in the House of Commons neTer teing 
quiesceiit for a moment, the effect produced hy it is very consi- 
derable on a constitution accastomed to air comparatively stag- 
nant. It sustains a continuous CTap oration, both from the lungs 
and from the surface of the body ; and no cold currenta descend- 
ing from the windows, coughing has almost entirely disappeared, 
compared with the extent to which it has sometimes been ob- 
serred, before the present system was introduced. 

670. The condition of the atmosphere which is sustained 
being known , were the nature of the clothings more particularly 
for the feet, not to be so dissimilar as it sometimes is, a greater 
degree of unity would prerail as to the state of the air demanded. 

G 7 1 . Those who have been recently riding, dining, or engaging 
in any exercise, and whoso circulation is acceleratedj feel a me- 
dium atmosphere too warm. On the other hand, after a cold 
drive in a carriagej the temperature cannot be raised too high 
till the constitution shall have been warmed, as it were, to an 
aTerage standard. In an extreme case, diu^ing the severe winter 
that occurred in 1840-41, seyeral members having entered the 
House of Peers after being very much chilled, incessant demands 
were made for more and more warmth, and the teraperatui'o was 

last brought to 74°. But even this was not sufficient, and I 
cordingly suspended the ventilation entirely, and kept the air 
as quiescent as possible, till the effects of the excessive external 
cold had passed away. Members who have come down to the 
House of Commons nnwell, have occasionally been relieved by 
exposing themselves, for a short time, to a blast of hot, cold, or 
tempered air in the air channels. 

672. When a great fall takes place in the barometer, 'the 
drains, the river, and the surftice of t!ie ground often exhale bad 
air to auch an extent, that the entire atmosphere, on crery side 
of the houses, is loaded with impurities, 

673. Gas-liquor on the siu-face of the river is an occasional 
source of offence. I noticed it, at times, covering the siuffhco of 
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Mni>(im*t*rt ('hiin*Ii im> occaftmnally very i 

hmni I bo Mufijort. or cuiij{»laint more espeeiallj tgr i 

hHitlliiK tli0 iHimiiiitU>onK)mi$oi»]}Ogite, Of i 

vhliiaU wlujiii 1 riHiueMt^d to itifona me c^uif 4 

tln^y iiii|j[lit lu^i'cvivo ariNin^ from the grare^jmrd, 

tlm( lio hull iH^vm* utttieed itny thing oieosiTe, 

)iiuiitHl tUniu^h It tiliiioai daily Tor years. Tbe 

lllHt Ht iMio ]KH*lo(I, for a!>oui a rnonth during the suramv, t]ie 

oiiMMinthiiiH wi^n^ vt^ry olfonnivo. Four others nolioed thinfie- 

i|^^MiU>< T1u» limt, who ill at pi^scnt engaged at ihm Mmmm^ 

ISiillumtMU, \u\H notiwl thoni i^ef^'atodly, Oq one occaskn, Im 

inlUniiiK) iiu^ ihnt ho tnU!in*t>d severely from headache and dckness 

\hv Novi^rnl Ai\yn, artier inin^ini? through thi^ clmrcliyard. Itsef* 

IIm^N twiHotI hi III til tio down i^ovcraJ times in the aftemooa, and 

ht> ytm niiiihU^ to tako his ti^ual ivfroshment, He liad not, con- 

ttiHuunitl), iHi'ij^iHl thiHmjifh it sitico, preferring to go round about 

i\w { lio \^\ Aovorul iiumths. 

*l*ht* niui^ll IhMii >jiw*- works on hoth sides of the river oe<;asion- 
ally HlUniii iUo iiinHKH|)licrt) on overy side of the House* 

*rKt^ oiiliiv niitlHtH^ of the strtn^t 1ms occasionally been found 
Ih j*iH^i«iom II MurlU^H^ of doconipoaing iuipurities not capable of 
holM>f vtm\y ooiitnillod hnt Uy the action of lime-water. 

! II rahii \\\H%i \xv\\ the suioll of tobacco occasionally accumulates^ 
in I ho uoik^h!^(>nrluMMl, On one occasion, aboiit 50 coachmen 
wetv eouiUid >mt>kin^^ at the 8iinie time. 

tl74* Wliou a dense ft>g arises (torn the rireTj and becomes 
viNiWe ill the Ilousie, it is dilficult to dissolve it except by the 
mH I o 1 1 iif i^ X c i < ■ ^ d . T h verj* varie*! electri cal condi tion 
of the fo^ api' panluco some ^in^ar peculiarities af- 

fiH^tinjr the means requiretl for its solution. 

t*7r>. In j«oino cases, whei^ the most extreme complaints luiTe 
been made, as to the state of the atmosphere, they hare been 
tfurei) Ut barges laden with maimre, to draus expose<! during 
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tlie progress of tlie works of the New Houses, and to the state of 
the atmosphere in places in the vicinitVs particularly when cl^^n- 
sing operations hare been carried on there, at times when t!ie 
HoEses were sitting. 

676. Many other canseSj also, haye frequently giren rise to 
complaints on the state of the atmosphere in the Houses, parti- 
cularly the smell from the kitchen chimney s, when the products 
are inyolved externally hy the action of the wind in local eddies, 
haU-extinguished lamps, naphtha used in experiments oo lighting, 
chimneys on fire in the yicinity, &c. &c. ; all of which were 
usually placed, at first, to the credit of the yentilation. 

677. In meeting these yarions contingencies, and others which 
it wonld he almost endless to specity, arrangements were made to 
take the air from different sides of the House, and, occasionally 
where neither heat, filtration, or washing the air, hayebeensufficieut 
to preyent discomfort, yery minute quantities of chlorine and 
other chemicalSj particularly nitrous acid, where exhalations from 
animal and yegetahle matter haye predominated, ami ammonia 
and lime when the amount of carbonic acid in the external atmo- 
sphere was extreme, have been nsed. The rare occasions, and 
the minute quantities in which some of these were employed, do 
not permit me to refer to them as matters in habitual use. 

678. Since the river front has been built up at the New 
Houses, it has diminished very considerably the effect of smoke 
from steam-boats on the riyer upon the present Houses. 

67^. In both Houses, some scats are necessarily yery different 
ftoia others. In the galleries^ in particular, constitutions ex- 
tremely sensitiye as to the influence of heat, though supplied with 
fresh air through the air channels in the wall, experience the 
influence of radiations from the lamps ; an increased amount of 
yentilation counteracts the effect they produce. 
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CHAPTER III. 

INTKODUCTION OF GAS AT THE HOUSE OF COMMONS. 

680. In the first experiments, conducted under my direction 
at the House of Commons, yentilation and the communication of 
sound were the only points to which my attention was directs by 
the committee, arrangements haying been made, at the same time, 
for removing directly all theproducts of combustionfrom the candles, 
by giying the air throughout the whole House the inclination repre- 

Fig. 230. 




the accompanying figure* (230). The air proceeds from 

** u a^pain mentioned in a subsequent paragraph in this chapter. 
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tlio fl*x>rj both of the body of tho House and of the gallery, as the 

dotted lines indicate. Some statements appear in the report on 
tlie lighting of the Ilouse, of some experiments made by Mr 
Gnrney and Mr Bellamy, in which a recoil of smoko from the 
ceiling 13 described as having ensued on some gtinpowder being 
exploded helowj and the ventilation is said to have been, at the 
timej in its usual condition. But, sui^ely, the effect of an explo- 
slye production of smoke is no test of the ordinary movement of 
a ventilated atmosphere, while, on the other handj the ordinary 
condition of the ventilation is as variable as the time of the year, 
the numbers in the House, and the period of the sitting ; parti- 
cularly as adapted to a daylight sitting, or to the evening after 
the lamps or candles are lighted* And unless the precise state of 
the ventilation were explained, tho mere stiitement that it was in 
its ordinary condition has^no determinate signification* I have 
adverted to thig circumstancej as it has been frequently referred 
to, and as I have had no previous opportunity of explaining it, 

681, Before Sir Frederick Trench's experiments, and those 
with tlie bude-lightj were commenced, a question was put to me 
as to the introduction of gas at the House of Commons ; and 
after having stated my strong conviction of the importance of 
this step, two objections were ni*ged as to a scheme I gave for 
introducing it, so as to avoid the prejudice against it : these 
were, first, that a sufficient body of light could not be intro- 
duced through the glass, if the lights were placed externally ; 
and, secondly, that offensive shadows would appear on the 
floor. I requested a day to shew an experiment in answer to 
these objections, and in about twenty-three hours fVom tho time 
permission was given ^ the gas was introduced into the House of 
Commons, and six rows of perforated pipes afljusted over the 
glass, as > shown at A A A A A A, Fig. 230. The result of 
this experiment having proved that the objections referred to 
were obviated^ the next step I took was to recommend the in- 
troduction of proper burners as a substitute for the mere flick- 
ering jets, some thousands of which were obtained simply by 
piercing the tubes witliin the very short period mentioned. 
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This, howeyer, was not done, and the gas apparatus was used 
with those flickering lights for some time after the commence- 
ment of the session. Accordingly, in reply to a letter from 
Sir Frederick Trench to the Right Hon. the Viscount Dun- 
cannon, which I was requested to attend to, I stated the cir- 
cumstances under which the first gas experiment had been 
made, and also explained the system of gas lighting adopted in 
the experimental room constructed at Edinburgh, in reference 
to the House of Commons, in which many of those arrange- 
ments for yentilating gas burners were introduced, such as hare 
been particularly described in patents subsequently taken out 
(in some of which, however, the character of the burner used 
formed the leading object), though they are illustrated by dia- 
grams, both in my Outlines of the Ventilation of the House of 
Commons, of which 2000 copies were distributed seyen years 
ago, and in the letter of which I haye spoken. The following 
diagrams illustrate the experiments on exclusiye lighting which 
haye been mentioned. 

682. Figs. 231, 232, 233, represent the exclusiye lighting 
adopted in the experimental apartment, when a Gothic pendant, 
haying an illuminated drop, was used. The drop came suffi- 
ciently low to allow the ceiling to be illuminated ; and while 
the yitiated air was remoyed directly from the lamp to the yen- 
tilating channels, as shewn in Fig. 232, the atmosphere gene- 
rally throughout the apartment was made to pass from the 
ceiling c c to the floor, or reyersed, and made to moye from d 
to c, according to the trials which were required. The great 
advantage of the Gothic pendant consisted principally in the 
extreme facility which it afforded for surrounding the hot-gas yen- 
tilating pipe with non-conductors, and also with currents of cold 
air, so as to exclude from the apartment all that radiant or 
conducted heat above the visible light, which a naked tube is 
apt to communicate where a strong light is used. Four pen- 
dants were commonly lighted, but two were sufl&cient for ordi- 

T purposes. It will be obvious, that, in some buildings, few 
iS would be more practically useM and agreeable than a 
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Fig. 281. 
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series of gothic pendants with illuminated drops, appearing like 
stars diffused oyer the ceiling. 

683. By the arrangements adopted, the products of com- 
bustion could be drawn down in cold weather th)*ough iron pil- 
lars concealed at & &, so as to impart a mild and equal heat to 
the apartment, being afterwards led away under ground to the 
yentilating shaft, as represented in fig. 233. 

684. Fig. 234 represents another system of illumination 
tried in the same apartment, and equally exclusite, the pro- 
Fig. 284. 




ducts of combustion having been carried away by descent through 
a concealed ventilating pipe a. The carrier tube explained in 
the next paragraph is indicated by 6 ; o is the gas-pipe for the 
permanent light, which was obtained from upwards of sixty pa- 
tent jets, one of which is seen at d. The light passed through 
obscured, painted, tinted, or figured glass, at 6, according to the 
varied arrangements made in experimenting with an illuminated 
cornice, which extended all round the room. 

685. Fig. 235 gives a view of the carrier tube a, and the 

permanent light tube 5, with some of the attached burners 

etc. The carrier burner having been kindled in the centre at 

"^ne side (between the two arrows, Fig. 236, turned from each 

), the light flashed along the cornice till the two streams 

the opposite side ; and having kindled the various bur- 
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ners attached to the second tube, the lights of the carrier bur- 
ner were at once extinguished. A little leakage was of no con- 



Fig. 235. 
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Fig. 286. 




sequence, as the whole of the gas-apparatus, whether in use or 
not, was continually subjected to the action of a ventilating 
power, which equally removed the products of combustion, and 
any portion of unconsumed gas, whether the apparatus was lighted 
or not. 

686. Fig. 237 represents another variety of exclusive light- 
ing, fresh air being supplied to the apartment by a porous sur- 
face from a, and the vitiated air from the lamps above g g 
mingling with the air from the apartment, and being discharged 
by the central ventilating aperture. 

. 687. After the experiments were shewn with the pendants 
and illuminated cornices, numerous places were fitted up in the 
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IiOAlth of the inmates suffered from the carbonic acid and mois- 
ture, as seriously as the goods kept for sale, a great dimimitiai 
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the deterioration of exposed goods always accompanied the 
prored health of the inmates. 
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688. The gas-bumers used by Mr Gurney are controlled by 
le following scheme. Fig. 238, which I adopted in connecticraL 
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with the lights now in use, excepting the four that play into 
the groat ventilator, indicated by a, immediately aboye the 
(•(Mling, which .illbrded a ready egress for the products from the 
rest, along with the air from the Housp itself. A gas yenti- 
lating Khallt was raised at b, and leading lines of communication 
estahlishod on either side of the House, and with the lobbies, 
while sniaHor channels conveyed the products of combustion from 
the individual burners to them, each being regulated by a valve, 
so that the power jdaced upon it might not interfere too much with 
t lie combustion at the burners. Tliese arrangements have not 
only sivured the eftective ventilation of the gas-burner on the 
exclusive principle, but also prevented the interference of exter- 
nal currents when the wind was violent. 

(»S1). Having adverted in this chapter to various circumstances 
which 1 consideivd it necessary to mention in answer to nume- 
rous (questions often jmt to me in connection with my experi- 
ments at Kdinbui*gh, and the first trial made under my direction 
with gas at the House of Commons, when I only spent a day in 
Uuidou for this purpi>se, I cannot allow this opportunity to 
pass without also stating, that, though I have been always par- 
tial to the exhibition of the naked light with a well-defined edge, 
unless tho obscuration of the glass, which may conceal this, be 
•0 entire as to leave no visible indication of the site which it may 
f I have witnesseil Mr GmTiey's experiments with much 
re, and gladly bear testimony to the step which his im- 
d burner has made in tacilitatinj the more general intro- 
Q of gas for public purp^^es. whenever a central burner of 
power may be re^piireil. 
j90. In considering the gouoral question of artificial illumi- 
iition, not induceil by a dirtuscvl lijrht with invisible burners. 
and imitating, acv*onlingly, tho li^ht of day. it will bo observed 
that tho House of Commons presents those pvculiar difioulties 
that all buildings with galleries must have. The lichi above 
»•! be powerful to iHuminaie the fi^vr. evt n i:' the whole ciani- 
2, and o y^see Fig. :?26\ be illumirauxl: ai:d thus it may 
* in tho galleries. 7. S. 9. thoi^rh shining ei^ually 
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through 4, 5, and 6. If placed at D, to illuminate equally the 
ceiling and floor, the heat as well as light hegins to operate on 
the galleries. If lights be placed at B, B, the products of com- 
bustion being withdrawn directly through the cavities 10 and 
11, but by metallic pipes enclosed in a series of wider pipes, no 
heat could be conveyed to the galleries. K currents were con- 
stantly made to pass outwards between the yarious external cases, 
they would amply satisfy the demands of the body and floor of 
the House, 12, 13, 14, 15, 16, 17, while another series, placed 
at C, C, C, would be sufficient for the galleries. (The equalizing 
chamber is indicated by 18, 19, 20, below the floor.) From 
these circumstances, it will be readily seen that it is impossible to 
haye the system of lighting introduced in such an apartment on 
the best footing, and that comparative advantages and disadyan- 
tages must attend any arrangements that may be adopted, where 
local circumstances, and particularly the necessity of approxi- 
mating numbers within a given space, render galleries indispen- 
sable. 
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CHAPTER IV. 



COMMUNICATION OF SOUND. 



691. There are, perhaps, few, except public speakers and 
singers, who are led to consider the extent to which the respu^- 
tion of those that speak or sing is affected by the facility with 
which sound may be communicated in different buildings. All 
those whose engagements lead them to exercise their voice much 
in public, are, in general, well aware, that in some rooms there 
is comparatirely little effort required to render it distinctly 
audible ; while in others, the system is soon as much exhausted 
by the laborious efforts that arc necessary for this purpose, as 
the attention is distracted by the forced exertion and peculiar 
emphasis or cadences with which it may be requisite to speak, in 
order that they may be understood. 

692. The diflBcult communication of sound in any building is 
a grievous tax upon the strength, the time, and the attention of 
any public speaker, and if not the actual cause of death in some 
cases, where a great exertion had to be often made beyond the 
powers of the constitution, has at least too often assisted its pre- 
mature arrival, by the extent to which it undermined the con- 
stitution. 

693. My attention was more especially directed to this ques- 
tion, in consequence of having had to address students, at one 
period, for seven and eight hours daily, in successive classes, 
where the interruption occasioned by the endless variety of ex- 
periments performed by medical students, officers going abroad, 

wiculturists, engineers, emigrants, manufacturers, and others, 
occupied at the same time, necessarily engaged a severe and 
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Taried action of the voice, in giying directions from time to time, 
to prevent accident, as well as in the demonstrations given every 
hour, and in calling the attention of all present to the progress 
of individual experiments when they became most interesting and 
instructive. In the class-room I built in 1833, it was stated 
by every individual almost who visited it while in progress, and 
who adverted to the subject, that I never would be heard, and 
warnings and recommendations were constantly brought forward 
as to the absolute necessity of altering it. I depended, however, 
on a low and reflecting roof, on the reduction of the walls to the 
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lowest altitude compatible with the wants of the place, and on 
the absorbing nature of a rough and inelastic floor, made of an 
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mrihy cfunpc^itinfi, »iirh m nlJowod that &eedom wliich wm 
ommry wUi^ro m tnnny rumaea aperationa were condiLcted. 

HOI. Fig. 239 mdieiilit paemlly the (emling femtnRSaf Ae 
rlftiii-rfiMi, irUok ii iicirly 80 feet square, exciiiMiTe of ecntti- 
IpHiUA »fi»rtiii«iitii nnl riiproigBteJ, The qua4rangiikr spa£? 
P F I » tndiealat tbe liMjiaro twiiu, wiiich was seated for 300. a 
rani|o of tow ftiniiie9i wtmnXbas froio Ibe engine and blagt-fknmee 
V If B» Ui i\w fivt^ D, and the lecture table before it^ which was 
40 feol liMigf haring a haiVr at nnc entt aiid do^cendin;^ fiint^es 
und r<»TitiUtwi P P P ui tJie centre. The larger area W XT Z 
riirtiifMt I ho pfiH-tifal dafli-nifliii> The roof of the whole was 
Riipportf^d jmrtly on the waHs, and partly on twenty-three chim- 
n«^y* V il C t\ ^ i\ Tlic prai^tiail clas9-r<xim communicated freely 
with ihe^ hM^mnv-rotnii abore the central furnaces, except where 
th<^ (^fiiral f himncy C mm tn the roof. Some of the chimneys 
hato not yot \m^n hmujfht into use ; others commanded rarioui 
rvnlitoiing Himmi and tmunom. The central chimneyxommanded 
IW(iiity4wo bidliif omOBmimitkmi part only being occupied at 
ihfi iifwno i^ime. 

0D&. Fig. 240 giTCtt a transrerse section to a Xargef scdis 
thnsagli llie )eoto#4<mBi mA practicaJ claM-room, in which the 
dMemdfaw ▼vntilitiai Ima »« repr^isited. Figs. 49, 50, 
pign W^ fthciw tho detailed arrangements, in connectioD with 
those (lucA. 

CAHk 1 1 may ho imnicicnt here to state, that in eTery pm% 
hfitli of tiic» I<^ctur0-r<xrtn and of the practical class-rooraj whether 
rrowdod or empty, the slightest whisper or the loudest noise was 
heard di»tiii(tlY without oOeiisiTe reverberationj or the necessity 
c*f any oxcrtion of the roice beyond that used in coaTersatioa. 
] KoliOTO I utn corrc'ct in stating^ that numerous members cfboA 
HooMfl of rarliainent, who Tisitod this class-room, were of tte 
^ame opinion; nnioni^whom I may refer to the Bight Hon. Earl 
Grtiy, thi^ Mjirquiit of '1' weeUdale, Lord Brougham, and Lord Caai^ 
bell Tu one of the trials made by Lord Brougliam, his lorAsh^ 
having itationed himself in the gallery near O, I placed 
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as near <is I could to the corner W, accompanied by Lord Mur- 
ray and Lord Moncrieff, and, speaking in a whisper, or in a low 
conv(Tsational tone, ercry word was heard, though I was out of 
si^ht at W, and afterwards, whether I was out of sight or in 
sight, in walking round the yarious chimneys C C G C G G, in the 
practical class-room. At that period, the spaces on either side 
of the lecture-room were excluded from all connection with the 
practical class-rooms ; tliat opposite W L formed the area in 
which the various experiments were conducted afterwards in the 
apartment constructed in reference to the yentilation and light- 
ing of the IIouso of Commons. 

tJ97. Having explained the principal features of the apart- 
ment whoso construction led to my being called before the com- 
niittiH' on lU'oustics and ventilation, I shall now state briefly 
the iHH'uIiaritios in the communication of sound in the present 
IIouso of Comnunis, as compared with the condition in which it 
WJis when my attention was directed to it. 

CS)8. At that period, the following were the principal causes 
of tho defective communication of sound : — 

1. Tho great altitude of the ceiling, and the large space which 
iho Toico had consequently to till, — a circumstance at all times 

aportant, but more particularly so whei'c it is necessary that 
ae TOico should ]>Tevail over the hum of conversation that may 
be generally observed. Where absolute silence is maintained, 
mero altitude is of less importiuice, as the human voice can fill 
on immense space with distinctness where no interruptory re- 
verberations destn>y distinctness of intonation. 

2. The sotl and violdiuir canvas with which the walls and 
ceiling were covered, impaired too much the support which the 
voice should ivceive. 

3. Tho amount of noise that entereil by the windows at all 
'toob, and piu'ticuUirly when opened for ventilation, was ex- 

V On some ivcasions I shewoil, as explaineil at the time 

^amittee, that the vitiated air fi-om the House of Peers 

^y tho reporters' gallery, to the House of Commons 
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aimng easterly wirids ; wliilcj with a west wind, other circum- 
stances being Bimilar, the vitiated air fi-om the House of Com- 
mons passed to the House of Peers, In the same manner, 
though no individual sounds were audible, noise from the ono 
house not un frequently contributed to add to the indistinctness 
of sound in the other, Indepeiideutly of this, however, the noise 
of coacheSj cabs, ajid omnibuses, of the letter-carrier*8 hell, and 
every other noise produced in Old Palace Yard, gained more or 
less access to the House of Commons. 

4. The carfict or rtoor-cloth, which had been adopted on ac- 
count of the rapidity with which all others had been worn away, 
procluced very considerable noise as the members passed, 

5. The locking and opening of the door proved also a con- 
lued source of interruption. 

6. A current of hot air, rising in a broad sheet along the 
centre of the House, refracted the sound passing from side to 
side, and rendered the intonation indistinct ; one of the mem- 
bers of the committee, when I explained this circumstance, stated 

liat he had often noticed that he could not hear a member oppo- 
him distinctly, at particular times, unless he shifted his seat 
Jong the bench ; and on examining the place he referred to, it 
fas found that ho had moved to a position where the Iiot cuwent 
longer passed between him and the member speaking. 
699. In the present House, the following are the leading cir- 
pim stances that may be observed in respect to the communica- 
an of sound : — 

i* The lowering of the ccilingj as shewn in previous figures 
"of the House of Commons, cut off a large portion of superfluous 
BpacOj rendering, accordingly, the amount of voice necessary 
to fill the House mnch less than formerly ; and though the noise 
of conversation was, at first, proportionally increased, the ex- 
perience of the several sessions which have passcil has led me to 
believe, as I had previously anticipated, that, after a short time, 
the strength of tone adopted for conversation would be less, as 
members became practically familiar with the power of the 
lonse in communicating sound, except when resorted to for tho 
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fUf^m of intortiiptiati. A less proportional effort than 

il MV MttttiiMW *w ih^ W^ ^>f H speaker, to enable \ns Toieeto 

ki^ Imi4 iBirtliirllT ibotv miT onliiuu'y and moderate n<»se frcHD 

9. TIm lifllliwi iaftnottoe i€ the reilcctitig ^lass and wood 
ikn^ lll» t i J lk rt t a» wd of tke inclmed pannels under the galle- 
fim w4 «kMi?t lli« toor, giive « sustainjng power equally to the 
t\4<v mhI Ki IW i>ir, and <\M)trtbiitG6, theretore, to tlie same eiect 
it Iht Wirwiig of lilt €titin|r> 

3k lltftfiAiaiirilli vllkli tn Impulse, onco pi*odiicod and in- 
fllllimt umist iht mmSA^aic*^ eswpts, boUi by the porona floor and 
Ikjf IW^ ^-^Iwl if«!JliMt« lluroi^glhaiil its whole extent, preyents all 
iftiNMTt IPH^eie^itflliiil^ mtk Aa^uges immediatdy the rcmain- 
titf mmtA mtw^ ^ffcfclt ts il is piroiiouuced, leaving, accord- 
tt^^k 1 fWs.^ t\mr^ fiir tW iUI^ tfUf^tiTi?, and tmintermpted action 
vJt ^^'K »«h\xxHii«i: $y AtUik fWv ptttons tre aware of the ^eat 
thklt^l 1^ wlhk4 liiliirtaits mtA pmttj of intonations are sus- 
Ilhiw4 itl llib IWMMWi Im ttnHMMnt of sound discharged iu 
iW Mt<l^ ^ill W ki^MT ii rfi iai t o J when it is mentioned, that 
iImi^I i^u>r^ mfmkttt w1h> i|i«ifc& m a nodemtely loud tone a 
It k^tUhd 4 >lrt il tll y ift tilA i ir 6hiitew » both above and bdo 
tlit llMti>^ mtlilt llNiifrwlMiipiedkiit t hmiiBF tone can be rec<^| 
^im4, tHW tint fiMUiid li^ |vji$$i?d th& pannels in the ceilin^^ the 
VtnliklJi^ Ttirw ms%^fx^ Am^ Uk^ rwC descended the tunnel out* 
liAt Ult tttirark^ wd fvoielMdl the Kase of the ventilating shaft, 
% MUtMt ^mmHf WH tm ttsm tk» Spetknr s chair. Mem- 
ll«it wlia $|HMik Knh VmhIIt «wI i^evj diiaiiKtlY, c^an b<! tmderstood 
tli«t\\ im gttteitl^ wkea tkt Htttst is liliait. 

f OlK n is «»K^ mec mmy to «M. tkit this ar^edoiK of 
ttCttpe fbr th& t^sxus&^dtmimA^ tftuaklied to mcataia extent the 
fihiii obui]K>l by the tovmi^ ^ tlie cidiaf ; but thb was m 
Ihiit OMi|p«ii£it«d hx tht enj^piMi oC 
MrAmi* whteh* wUk they stra^tlMthtiEsi 
M it passes maom the cmr. throv it itiMedialdy 
whef« it i^ di^hiifeit tB^ [H^vaited &(»n affiviitg aay inter- 
mpCioii to esaeh g >e g <cgJi^ ^otttd. 
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4* Tke comparatiTe unity of temperaturo and morement of 

air tlirougli the House, also facilitates unity and distinctness of 
intonation. Tliis was at its maximum during the short period 
when the House was lighted with gas, in the atsolutely exclusire 
manner formerly described, 

5, The soft, thick, porous, and elastic hair-cloth carpet allows 
all necessary communication from place to place to proceed 
without producing any noise, while it is perfectly peryious to the 
excess of sound which escapes through it to the air-chambers 
below* 

6. The double windows, which hare not been opened once 
during the last seyen years^ and the mode by which the air enters 
and escapes from the House, haye effectually excluded the great 
interruption formerly caused by noise ii'om without* 

701. Though the nature of this work prevents me from en- 
tering more minutely into the question of the communication of 
sound at the House of Common Sj I add the following summary, 
which may be useful to those interested in the communication of 
sound in public buildings. 

1. Sound is sustained for the longest period in air-tight apart- 
ments having powcii'ul reflecting surfaces, if the sound be pro- 
duced, or the apartments constructed so that the various im- 
pulses successively communicated to the air shall not extinguish 
or neutralise each other. 

2 . With a moderate impulse, most apartments simply reflect 
tlie sound that falls upon the i*oof or walls ; but there are cases 
where the roof or other parts of the building have been thrown 
into ribration, and augmented greatly the amount of sotind pro- 
duced, but not in general with any advantage to distinctness and 
purity of intonation. 

3. Every apartment has a key-note or intonation peculiar to 
itselfj and when a musical ear ascertains this, and adapts the 
song or speech accordingly, the voice sounds more harmonious, 
and less effort is required to sustain it, or to become sensible of 
it, 10 listening to its effect. 

4. In rooms lined with sonorous metals, the slightest effort 



of tlie Foice is heard with extreme distinctness^ and to many witli 
a keenness and intensity which is painfiilj unless the sound be 
?ery gnbdned* The etfcct is proportional to the sonorous nature 
of the metal employed. In metallic tubes of considerable mze^ 
the sound may be conTcyed for miles* The duration of the 
sound in small apartments lined with metals and rendered air- 
tight is also considerable. In a lead chamber at Montrose, 
which had been constnicted for the preparation of sulphuric 
acid, 80 feet long, 20 broad, and 12 high, I made a number of 
experiments with the assistance of Mr Foote, the proprietorj and 
Mr Can^egie of Craigo, and found that any sound produced in it 
continued in general for seven or eight seconds after the impulse 
which had given rise to it had ceased. In the interior of one of 
Barclay and Perkins* boilers, sound produced in the same way 
continued for eight seconds. 

In many apartments, I hare noticed, in tMs country and 
abroad, the sound has continued from eight to ten seconds very 
distinctly audible. In one of the principal apartments of one 
of the palaces near St Petersburgh, the reverberation j^roduced 
by stamping the foot once upon the floor continued for twelve 
seconds. 

702- It will be obvious that, in apartments where sound is 
rcvcrberatedj re-echoed or sustained for so long a period after 
the primaiy impulse which may have produced it shall have 
ceased, it must interfere extremely with distinctness of speech, 
A speaker enunciating two, three, four, or five syllables in a 
second, will, in the latter case, have spoken the thirty-fifth be- 
fore the sound or confiising influence of the first may hare pa^ed 
away, in a room that reverberates for sevep seconds, 

703, In some rooms, a singular twittering noise succeeds 
any sudden sound produced in them, and continues in them for 
a considerable time. The most marked apartment I have seen 
in this country in which this can be observed, is Almack's Ball 
Room (Willis' Rooms, St James), The room adverted to in 
par* 701, presents the same peculiarity, 

704. If secondary reverberations be considerable in any 
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apartment, while a primary tone is still Bustained by any one 
continuing to spoak, and if a door be opened through which 
the sound can escape freely, it sometimes is observed that the 
Yoice may be more distinctly followed without than witbiuj — 
the primaiy sound alone extending to any distance beyond the 
waUsj while the minor sounds are lost before they can proceed so 
far, 

705. Proximity to a reflecting surface is always faT6urable 
both to the speaker and hearer, unless the discharge or ab- 
orptjon of excess of sound bo insufficient. 

706. A room may be very unfit for clear and distinct into- 
nation when empty, which is excellent for music or speaking 
when fiUl, — the soft clothing of an audieuce, as well as the 
destruction of the reflecting powder of the floor by the number 
congregated, diminishing cxcessiye reverberation. Public 
singers haye often been heard to state that they could not com- 
mand their voice well in empty rooms,^ — ^an observation wliich 
has at times been attributed to the cfl:ect of disappointment 
upon their spirits ; but, whatever influence that may have pro- 
ducedj the physical effect of a crowd in destroying excessive 
sound must also be taken into consideration* A reflector ex- 
actly opposite a speaker may be powerful in sustaining sound 
vheu near ; but when beyond a certain distancOj occasionally 
the sound is returned offensively upon the mouth, and inter- 
rupts the speaking of those who ai'c sensitive to the impulse of 
sound. 

707* HithertOj plain reflectors have alone been adverted to. 
Parabolic and other curved reflectors ai*e certainly powerful in 
distributing sounds w^hen the voice proceeds from a proper site ; 
but they are not so advantageous as might bo at first antici- 
pated, in consequence of their collecting sound which is re- 
flected upon the car of the speaker, as much as they discharge 
sound. To many this proves so annoying that they soon give 
'up the parabolic reflector, however much they may otherwise 
approve of it. Some individuals^ however, by long habit, ap- 
pear to get over the difficulty that arises from the extent to 
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which tho gppakoi* is too otten annoyed by the i^etom rf kk 
own worda to the point from which they proceed* 

708. Where an apfirtmeDt presents succee^Tc P^tsti^ 
fltif&ees, a aeriea of notes sung by one person at prop^ iate- 
vali^, returns in full and harmonious concord upon the ear^ as if 
a number of roifie.^ were imiting together to produce the soc- 
cesiiivG chorda that are heard. In no place is this effect more 
hcantifiilly ohserTcd than from t^e whispering gaOerr of St 
Paur^. 

709. Tn many schools the amount of reTerbei^tion is m 
greaii that it impedes seriously the bEsiness of the ^hooL The? 
AOnnd, when empty, like a drum, and the numbers that cover 
the flcK>r are rnnrly sulHcieut to destroy the rererberation to the 
ex ton t rofinirod. At the National School, for examplej the 
iiound wan extreme, and the defects complained of haying been 
found to ariflc principally from the cause now mentioned, the 
plaster of the ceiling was removed, but the ceiling joists left. 
No prolonged reflection can now be sustained between the floor 
and the roof, and the excessive noise that formerly preTailed has 
been much reduced. ^M 

710. In many halls and gallcricis with arched roofs o^" 
ilomed ceilingi^, the amount of interruption caused by the curred 
nurface h always contingent upon tte form of the ctirvej upon 
the nature of the material, of which the reflecting surface is 
cotnpORe<l, and the distance of the hearer from the curre. If he 
ho in the focus, the resonance will prove offensive in general ; 
but if the floor on which he stands, or his ear be at a distance 
from it, whether above or below the focuSj the sound win be 
more or loss equal or plea^^ing, according as its intensity is mor^_ 
or le^s uniform throughout the whole apartment. ^M 

711. There are few largo places of ordinary construction in 
which the intensity of sound is not very unequal in different 
parts of the same room. In the Hal au ble, at Paris, any per- 
son speaking under the centre of the dome, feels immediately 
the force with wliich the sound is concentrated and returned, 
in the Gallery of Statues at the Louvre, two large vases, at a 
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distance of about 85 feet from each other oa the floor, are so 
powerfiil — in conjunction with tlie arched roof— in discharging 
and concentrating sound, that any two individuals speaking and 
listening at their foci, can cairy on a conyersatiou with each 
other, though hnndreds in the intervening space ciinnot hear a 
word which they may exchange, I have to thank his Excel- 
lency Count FUuhault for the assistance he afforded me in 
numerous experiments on the communicatiou of sound that were 
made in the difierent apartments of the Louvre* 

712. In an apai*tment in the city, where the sound from the 
roof was exce^sive^ and so annoying that it proved a complete 
interruption to business, the propagation of the reyerberationa 
was destroyed by suspending a silk balloon in the centre of the 
celling. 

In many other cases, the introduction of drapery, curtains, 
and other such materials^ particularly carpets, sofas, and soft 
furniture in general, has a great power in absorbing sound, A 
speaker in the centre of any crowded hall or coui*t, addressing 
himseLf more particularly t<> those w^ho may hare a position near 
the wall, is often not heard so distinctly m when he retires to 
the opposite wallj the power of reflection in some apartments 
adding more to the force of his voice than is lost by the dis- 
tance, 

713* In the Opera at London, sound is beautifully distinct 
from the elevated position of the singer on the stage, from the 
freedom with which the voice escapes, and from the absorbent 
surface upon which it falls in the boxes, pit, and gallery. There 
is only one spot upon the stage whore a slight echo is perceived, 
which is produced by a distant surface near tlie ceiling. In 
apartments such as this, the unity and perfection of tone ap- 
proximates to that which is observed in the open aij, particularly 
on water or in a wood, where the absence of marked reflecting 
surfaces contribute so much to purity of sound, 

714. In numerous cathedrals, both at home and abroad, dis- 
tinct intonation, after the first two or three syllables are ut- 
tered, except within a limited distance, is impracticable, the 
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numerous eclioes or reflectioiiB entirely canfosing tte primary 
sotind, unless the sound of each note sh^ be so ^ijendedbj 
ilow cUaunting, that it is Btrengthened by its own rererbera- 
tiou, instead of being interrupted by that of t^e succeeding 
note* 

There are many public buildings in which the communicatii 
of sound is so im|jerfect, that it is no exaggeration to state^ that 
the etlbrts of the speaker to be heard, and of those that hsten 
to hear, detract yery largely from the effective Tidue of the dis- 
course ; while, in some parts of the building, the confusion is m 
greatj that it is impossible with any effort to follow the subject 
of discourse, however loud the noise may bo, 

715. The stillness of an audience, and the exclusion of ex- 
ternal noise, form very important elements in considering the 
communication of sound in public buildings. The character of 
the audience, also, particularly in rooms intended for music* re- 
quires to be taken into consideration. Loud noise is an essen- 
tial element in some cases, though obtained at the expense of 
purity of sound and intonation, which ought erer to be consi 
dered the great object in attending to the communication 
soimd. 

716. Where, however, the voice is feeble, and the apartment 
to be filled Im'ge and crowded, the reflection should be puslied 
as far as circumstances may permit, and the filling up or cut- 
ting off of superfluous space^ which augments the power of in- 
tonation necessary, without benefit to the audience. In Grla^ 
goWj Edinburgh, and other places, churches and other buildings 
altered on this plan, have reUeved much the efforts required for 
speaking and securing the attention of the audience. 

717. Those who are interested in this subject will find, 
general, that where the communication of sound is imperfect 
the construction of public buildings, it may bo remedied accoi 
ing to the acknowledged principles of acoustics, and partic 
by providing an escape for excess of sound, in the manner in- 
troduced at the House of Commons, guarding it carefully from 
the influence of exteruaV hq^isg. The additional impetus lately 



I 



CORDIUNICATION OF SOUND, 



323 



giVen to tltc cultiration of inusiCj under the sanction of the com- 
mittee of the Privy Council on Education, in the interesting 
classes conducted by Mr HuDah, and the success that has at- 
t<3nded his instruction!, and those of Mr Mainzer, at Edinburgh, 
and other places, cannot fail to attract a more marked attention 
to a subject so intimately connected with tho use of all public 
buildings ; and an incr eased taste for music has always been fol- 
ded by a more distinct perception of the difference between mere 
Boise, which may be altogether unintellig^ihle, and that purity of 
intonation which has been so often referred to. The public mind 

e requires, in reality, to be much more aliye to this point, and to 
Hie fact J that music is, of itself, and without any accompanying 
words, a unjTersal language of the feelings, whose power is as 
determinate and marked as that of the most pointed language, 
pi tho expression of those emotions which it can portray ; and 
that many ai*e touched by its accents, whose heart and sympa- 
thies are not so amenable to the more common forms of address, 
wliother from the pulpit or in the more retired communications 
of private life. 

718. Much interesting illustration is also accessible to those 
who inhabit hilly countries, where the endless variety of forms, 
8cenoi*yj and outline, is continually presenting new features of 
obscr?ation, especially where different individuals arrange so as 
to communicate with each other under a great variety of circum- 
stances. Some of the acoustic arrangements introduced at the 
House of Commons were founded on facts that were first presented 

my notice during excursions with my pupil s, who wa*e study- 
ing the examination of soils, minerals, and mineral wat^rs^ with 
ortable apparatus, such as enabled them to apply their know- 
practically on the open field, wherever they were directed 
to enter on any examination. 

719. In the open mr, in calm weather^ and on plain gi-ouud, 
io difficulty was experienced in conversing without effort at the 

distance of 400 to 800 feet. 

At night, the surface of tlic ground being free from the cur- 
nts produced by the action of the sun (a circumstance which 
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HtunboMt fomsd to produce a grtat tnl^mtptkiii tn tlse eansnii- 
fiicwtton of sound . and the hnin of insects !>eb^sttDed, theToice 
ezleiided much farther, smd fiatii^fied us that the acccmots given 
of its being heard at the distance of miles in the gtilliie£& of the 
{K^ar regions conid be no ^xaggeratioo. In the mondng, before 
stmrise, the rolce, and oc^asionaflT the langh^ of the sailors on 
board the wardships at anchor off Sptthead, hare been heard at a 
place at Portsmouth, distant two and a half miles in a direct 
line* The sotmd of a military band at the honr of roll-eall has 
been heard at the distance of twentTHSne miles from Edinburgh 
Castle. In one of the illustrations I laid before a committee of 
the Hon^e of Commons, I explmned the circnm stances under 
which Admiral Stoddart and his oMcers heard (at sea, in the 
Baltic), as they proved aflenrards by a rery interesting chain of 
endence, the sound of cannon, for a whole day, at the distance 
of 300 miles.* Colonel Dod, with several hundred troops, was 
on one occasion under arms all night, it being considered on shore 
that there was an engagement at sea ; but the noise heard was 
afterwards found to hare proceeded from a volcano at the dis- 
tance of 400 miles. It has been stated that there are despatches 
in the Government offices detailing suppo&ed engagements heard 
by ships at sea, and that the sound came in reality from a volcano 
at a distance of 900 miles from the position where the sound was 
heard. 

720. But there are few localities where numerous facts might 
not be accumulated, such as have been adverted to in regard to 
the communication of sound, illngtrative equally of the power <rf 
the voice and of the air in a still atmosphere. And the general 
conclusion appears to be, that few buildings have yet been eon- 
stnicted too large for the human voice to fill, where excessive 
reverberation can be subdued, where the audience maintains a 
careful silence (for the breathing of multitudes sometimes pro- 



* The cannon were €red at a fomidty where ttie men were proving oaimon all 
dny^ And whtsti the fl&et met at a future pfiriod;^ It was found thai, it bad extended 
over a liue of 300 miles. All the ship^ heard ttie cannon notindingj ftud some 
sailed opposite the foundry tit the time they were firedt 
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4uce3 offensiye noise), and where the unity of tlie atmospliere is 

preserved* 

721. In many apartments, tho distinctness of intonation is 
impaired by the different strata of hot and cold air at different 
levels, which refract the sound unequally a^ well as the light. 

■ 

^H 722. The following tables explain the manner in which the 
^slate of the Yontilation is registered at the House of Commons, 
and the more extended tables, whicli have been begun, but which 
are not yet in such full operation as ia desirable, as all the in- 
stmmenta which are in use have not yet been reduced to that 
simplicity which it is expected to attain. The great object of 
these registers is to enable the attendants to acquire experience 
in the Tarions contingencies which they have to meet, and par- 
ticularly, to enable them to anticipate, as far as possible, every 
expected ehange of atmosphere. 

723. The state of the air, externally and intcrnallyj Is exa- 
mined, from time to time ; and before I resided in this city, spe- 
cimens were transmitted every week to Edinburgh, through the 
office of Woods, which enabled me to maintain a constant check 
4m the ^ate of the ventilation. 
^P 724. In the first experiments made on sound and rentilation 
nt the HonBe of Commons, after the completion of the alterations, 
tho benches were occupied by 400 of the Guards, in their winter 
dress and gi-eat coats. About 150 gentlemen then placed them- 
selves in different paints of the House, and after a series of trials 
were made on the communication of sound,* large trains of gun- 
powder, pre'tiously mixed with oils and perfumes, to increase the 
fumes and prevent detonation, were fired in the chambers below, 
The House was filled, at once, with so dense a smoke that few 
could see each other, but m a few minutes it was clear, the full 
power of the rentilation having been put on- JSuccessire varie- 
ties of atmosphere were then introduced^ in which the air was 

* Hod the exp^ricnoTits on aoaui] been mmle on empty l^encWs alon^, the re- 
sults would not have been Eatisfactorjr fixim th/e casises previously explained. 
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affected by a 'Tariety <rf chemicals commnnicated to it in the 
chambers below. 

725. The amoant ci air giyen at the Houses is least when 
there is no demand for moisture in the air, and when the con- 
stitution has been exhausted by long exertion without refresh- 
ment. 

726. The highest supply is required in autumn, when the air 
is warm and moist, the wind imperceptible, but inclining from 
the east, the barometer low, and the ground moist, and the tide 
full. Fifty thousand cubic feet per minute are scarcely suffi- 
cient then to sustain comfort in a crowded House ; extra power 
is giren, and the other appliances resorted to which hare been 
stated. 

(The valre referred to in the opposite tables is ten feet long 
and six feet deep. It indicates that the area through which 
the air passes is sixty feet ; when it is opened six feet. On 
multiplying the extent to which it is opened by ten, the precise 
opening at any recorded period is giren.) 
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Ecctracts from Tables as they have been kept at the House of 
Common from (he year 1837 to the present time. 

May 22d. — Session 1837. 
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PART V. 

MISCELLANEOUS ILLUSTRATIONS OF 
VENTILATION. 



727. The following illustrations explain different points con- 
nected with the general disposition of ventilating arrangements, 
which could not be introduced into the preceding parts without 
interfering too much with the more immediate object of the 
questions under examination. It will be seen that ventilating 
arrangements are necessarily as varied in their details as the pe- 
culiar circumstances under which they have to be applied. 

728. In the construction of new buildings, the illustrations 
given in Figs. 241, 242, shew the general disposition of the 
primary air-flues which it is important tolntroduce. Fig. 241 
shews those in the baaementy designed for the reception of fresh 
air at the four points aaaa^ the great channels hhhh being, 
at the same time, reservoirs for the distribution of tempered air 
to all the various apartments proceeding from them. Fig.^242 
indicates the disposition of the parallel vitiated air-flues mmmm 
in the roof, receiving the vitiated air from all the apartments 
supplied by the basement, and conveying it to the central shaft a?, 
by which it is finally discharged. 

729. In such buildings, besides the supply afforded by the 
arrangements shewn in the preceding figures, it is important, in 
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of air, b machinery for its propulsion, and e the channc4s for con- 
veying it whore it is required* 

732, In mansions constructed with the usual accompaniments 
of a large establishment, it is very common to observe a large 
amonnt of vitiated air from kitchens^ sculleries, gas-lights below 
stairSj beer-cellai*s, drains, and dust-bins, finding its way to the 
principal hall, and from it to the dining-room^ drawing-room, and 
other apartments. In Fig. 247, a indicates the ingress of air 

Fiff. 347. 



y^ 



to supply the kitchen and sculleries, h its progress to the prin- 
cipal staircase, c the course it takes from the staircase to the 
individual apartments, and d the chimney-flues by which it 
escapes. 

733. Fig. 248 illustrates the principles that ought to ho 
adopted in prerenting the movements described in the preceding 
paragraph, a points out all the staircases &o largely flooded with 
warm air that no room can draw through it upon the air of an- 
other apartment ; b the supply of fresh air from a ; c the escape 
of vitiated air from the individnal apartments ; d a discharging 
Bhaft, so ample and m powerful that it controls directly the 
vitiated air in every part of the bouse, and prevents any portion 
from one place passing to another. 

734, In arranging the ventilation of any ordinary apartment, 
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apartmentB, in consequence^ of sickness, the intenial fittings may 
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Fitr. 250. 










^liiiSL ? 




ff 






be aiTanged with porous materials in the maimer reproseuto^i in 
Fig. 250. 

737. Fig. 251 points out the arrangements adopted for 





I 




ventihition in an hospital where the circumstances were alto- 
gether peculiar, and where the mortality had heen excessive. 
The hospital had heen built for about 15 years. Every thing 
looked substantial, fresh, and clean ; but the atmosphere in the 
vicinity, and the currents of cold air within the hospital, formed 
peculiar subjects of complaint. An examination of tlie air in 
the basement haYing assured me that it was of very inferior 
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quality, and many circumstances haying combined to prey^it tke 
expediency of other plans, the following scheme was finally 
adopted : — The fresh air was introduced under the roof a, tliat 
it might enter from the highest conyenient source. From the 
general air-chamber by it descended to the indiyidual apartments, 
being protected in b from the heat of the sun acting on the roof 
by interyening non-conductors. A hot-water pipe c, gaye.it a 
moderate warmth ; small open fires being retained for the com- 
fort of the patients. Double-glass windows rendered less heat 
necessary than would otherwise haye been required in winter. A 
yitiated air-chamber e, receiyed the air from the wards, its dis- 
charge being regulated by yalyes. The air in the basement was 
preyented from passing into the wards, aboye by the flue €, the 
air from it, with that from the chamber e, in the roof, passing 
to the descending shaft /, from which it passed ultimately into 
the discharging shaft ff, 

738. During the winter following the introduction of these 
alterations, the mortality again increased in the hospitals, and 
the basement haying been flooded in consequence of excessiye 
rain, the water rose again and again into the shaft, and in the 
boiler-room used for the warm-water apparatus. Bepeated an- 
alyses of the clear, transparent, and colourless water, which rose 
in the ash-pit of the boiler-room, haying convinced me that some- 
thing was still defective in the drainage to an extent far beyond 
what had been anticipated, I requested some examination to 
be made of the drains in the vicinity of the boiler. This led to 
the discovery of a defect Vhich might have been easily remedied ; 
but the directors, who inspected the condition of the drains, 
having immediately ordered a complete examination beyond the 
immediate question that engaged attention, it was finally ascer- 
tained that the main drain was entirely and absolutely blocked 
up with two wooden rollers, — that the whole basement was 
flooded with every description of decomposing impurities, and 
that it was impossible to tell precisely how long this state of 
atters had continued. The whole ground must have been sa- 
ted with impurities to an extreme extent. 
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739* From the gpecial difliculties that were preseoted in the 
adjustmeTit of the hot-water apparatus, and the strong olijectiona 
I made to the use of any part of the haseoieut as a source or re- 
gerroir of hot aii*j before the discovery of the state of tlie drains 
was made, it Kad to te constrocted go as to suit tlie circum- 
stances of the casej and not in the manner most deBirable under 
other circnmstauces* The hot-water reserroir, shewn in "Fig, 
252 J was supplied Ironx a horse-shoe boiler, and tbe individual 
floors received each a speeial branch, which j after traversing tke 
apartments to be heated, returned to the boiler. The fii'e from 
the boiler worked into the ventilating shaft, and the air from the 
drain was consumed by the fire in tlie shafts as is represented in 
Fig. 252, 

740, Figs, 253, 254, and 255, point ont the system adopt- 



Fiff. 255. 
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obtained from a $ourc© where it was subject to no contamioation. 
Via €OiiTejed to a central channel — that cont^nmg the 8 pi|>eB 
ropreBeated aboyc a, — and being warmed as might he neces- 
sary hj the e:itent to which the pipes were heated, gained ac- 
cess to the great corridor l» & &» as represcntod by the arrows. 
The three upper cells reeeiye fresh air, as shewn to the left in 
Fig, 253, and the lower ceU is supplied as indicated in Fig. 
254* The air traverses aU the cella so as to warm the floor, 
and escapas into the cell at e i the vitiated air is discharged at 
<!, as shewn in the eells on the right, — the vitiated air from all 
of them being collected ultimately in e. From e it escapes 
into the external atmosphere by a shaft ascending directly or 
descending, as other arrangements may determine. An ascend- 
ing movement is always prefcrreds where it can he secured wii 
sulhcieut power, 

741. It is scarcely necessary to remark, that such arrange- 
ments give extreme equality in the temperature of the air sup- 
plied. If the materials at a^ under the tubidar hot- water ap- 
paratus represented J shall not consist of a very dry non-con- 
ducting basis^ it is essential that the floor and sides of the hot* 
chamber above a shall be very tliorouglily protected by non- 
conductors, that heat may not he lost. In forming the chaniber^i 
ej double glazing is require<i at times, if the light £rom th^H 
windows, at the extremity of the corridor, shall not he suffi- 
cient. 

742. In Fig. 255, the dotted lines proceeding from the 
openings below the vaults point out the course of the vitiated 
air-flues from the individual cells. The dark area below the 
door shews the site of the ingress of fresh air for the superincnm- 
hent cell, 

743. The ventilation of theatres baa received a considerabl 
impulse of late ; hut it can scarcely be expected that buildings' 
of such magnitude can always be easily ventilated, more espe- 
cially when the public appetite for air is still on so low a par, 
and when there are so few standards of comparison to appeal to. 
Let any one, for instance, look to such a building as the Oj 



VENTILATION OF THEATRES. 



339 



(the pit is represented in Fig. 256, with some ventilating ar- 
rangements for the stage), and, after counting the number of 



Fig. 256. 




persons present, and allowing twenty respirations for each per 
minute, let him see from what source the supply of air is to be 
derived. Farther, let him consider that an excess of air is re- 
quired in summer, in consequence of the proximity of those who 
occupy the benches, and the warmth they communicate to each 
other and to the place, and he will soon see the great amount 
of supply that is necessary. The present lessee of the Opera 
in London has done a very great deal for its ventilation, so that 
much more vitiated air can be withdrawn from it than formerly, 
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and seyeral other improTements have been made, particnlarly 
at Her Majesty's box. It is impossible^ however, to provide this 
house, or theatres generally, with that amount of ventilation which 
is now considered desirable, unless proper means be taken for 
the ingress of large supplies of fresh air, as well as for the dis- 
charge of that which has been vitiated. 

744. In considering the question of theatres, it may be re- 
marked, that the nature of the air supplied is so very various in 
different cities in Europe, at different periods of the year, that 
each ought to have its own standard in this respect, according 
to the intensity of the changes which it may be necessary to 
meet. The following figures will serve as a general guide to the 
most important points desirable in all theatres of the usual con- 
struction : — 

1. A legitimate source or sources for the ingress of air, a a. 
Fig. 257, should be provided. The supply, under other cir- 
cumstances, will always be defective, particularly when the cur- 
tain is down. 

2. In sultry weather, a fountain &, or other arrangements, to 
cool the air, is extremely useful. 

3. A controlling valve c, to regulate the force of the entering 
current, according to the state of the wind, is indispensable. 

4. A heating apparatus d is required in cold weather, unless 
the atmosphere is to be heated by the audience, or by the return 
of vitiated air from gas lamps, the products of which may not 
be permitted to escape from the roof. 

5. A channel e supplying fresh air to the galleries, and 
through g to the box-lobbies through n (for the boxes), so that 
neither galleries nor boxes are supplied with vitiated air that 
has been respired below. 

6. An external discharge, of ample dimensions, protected by 
a cowl h, or other means, capable of being regulated by a valve 
Z, and discharging air from the galleries, the stage, and the lofts 
above, the roof being constructed so as not to cool and precipi- 
tate the vitiated air upon the audience. 
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7» An iudeiK^iuient discharge, connected with the stage abore, 
lUid use<l to lH?ar with grent force on doflagi*atiiig mixtures and 
other matmals usod from time to time for scenic effect, the ra- 
tioas valres m, m, m, commanding any required altitude, and 
eommiiBicating with channeU and branch channels occnpying 
Uio hack of the stage, as shewn in Fig. 257. 

8. The foot-HghtB aUo demand piu-ticular consideration. 
At pfetent, when the curtain is up, the air from the stage rolls 
over the pit, and, in many theatres, the products of combustion 
which they emit is inhaled^ after dilution, by the audience. The 
present position of these lights is also inconvenient and ohjec- 
tionable, as the waring stream of hot air above them induces an 
amount of refraction which impairs alike the sound and the dis- 
tinct nes^ of vision. This is not so objectionable in some theatres 
as in others, according to the intensity of the light, and the \ 
maimer in which the burners are disposed. Several years ago, 
I shewed arrangements by which the objections mentioned might 
bo removed by the use of descending burners, oa the principle 
of those constnicted for the experimental room at Edinburgh, 
and explained in the chapter on the Lighting of the House of 
Commons ; but they have not yet been carried into execxition. 

9. All lamps, such as usually pour the products of combns- ' 
tion ultimately into the lungs of the audieuce, should be arranged 
as indicated by the tube r, which discharges all the vitiated air 
from those in the box-lobbies t*, n, n, ii. 

Fig. 258 represents more particularly the manner in which 
the box-lobbies may be supplied with fresh air, and the general 
progress of the air to the great discharge. 

10* It is scarcely necessary to remark^ that were minute' 
portions of air admitted between every two seats in the pit, as 
indicated by the dotted lines in Fig. 256^ and also by the sides >] 
all roimd in front of the boxes (as shewn by the porous surface 
in Fig, 258), a large quantity might be introduced without any , 
Bensiblo impulse, its temperature being properly regulated. In! 
no other way can it be expected, without diflusion, to control 
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di*aughts at doors, and to repel the influx of so strong a current 
from the stage. 
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11. The atmosphere fixim the apartments below and adjoin- 
ing the stage, slionld also be drained and carried off tlirougb an 
independent channel, instead of rushing in on all sides, as at 
present, to the hody of the theatre* 

745. Fig, 259 gires a section of the Skerry vorc Lighthouse, 
erected by Mr Alan Steven son, in which^ it may be observed , 
the smoke flues from a and & are carried to a great altitude, 
in order that an eflfective discharge of the products of combus- 
tion may be insured. The dome/ is made double, so as to 
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prevent the action of cold in condensing any moisture TitHn. 
Any drops of water returning from the coklcr louvres on the 
top, are usually received in a small pan in the manner repre- 
sented. Ml' Stevenson informs m«, that no cases of condensa- 
tion upon the glass have occurred in the Scotch lighthouses 
arranged in this manner, such n^s Mr Faraday has ohserved 
elsewhere^ 

Fig. 260 shews the temporary beacon in which the engineer 
and workmen lived occasionally for four months at a time, while 
constructing this important work. On one occasion, during 
winter, when the works w^^rc interrupted^ the heacon was washed 
away, and the sea passed over it entirely, m was ascertained on 
their return, from marks left on the light-house, a Cookhouse 
and store ; b engineer's cabin ; c workmen's barrack, where 30 
men slept. 



Tentilation 01" Coaches. 



74 6 1 The intolerable condition of the atmosphere in coaches, 
when the windows are long shntj and the seats all occupied, is 
too familiarly known to require any explanation. The fbilow- 
ing are the principal observations that have occurred to me in 
connection vrith the ventilation of coaches. 

747* The want of an accredited ingress for fresh air^ and of 
a discharge for vitiated air, were^ till very recently, almost uni- 
versal defects. The windows ai*c sufficient only in fine warm 
weather, aaid even then the traveller who has not the advan- 
tage of a seat mth his hack to the horses or the engine (when 
constitutional peculiarities do not rendei* that seat inconvenient 
by inducing headache or nausea)^ frequently suffers severely 
from offensive cun*ents playing upon his mouth and nostrils, 
particularly if the window shall he opened when he is asleep. 
Few in this position are not apt to suffer from cold, unless the 
constitution shall be powerful. I have seen nothing give so 
much relief to those who require air^ and are necessarily exposed 
in this manner, as throwing a shawl or plaid loosely over the 
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head and Bhoulders, and adjusting the folds so that no air can 
blow directly on the mouth and nostrils, while stagnation is en- 
tirely preyented. 

748. In very cold weather, the moisture of the breath is so 
rapidly condensed by the ice-cold glass, that the greatest source 
of oppression is quickly removed, and cold still proves a greater 
evil than a vitiated atmosphere. The windows are there- 
fore, in general, kept very close. Such a condition, however, 
though, on the whole, the most generally agreeable, is often very 
distressing to many constitutions, particularly where the floor 
of the coach is only imperfectly protected. I have repeatedly 
noticed, in such cases, in extreme weather, a difierence of from 
12 to 16 degrees between the temperature of the air around the 
head, and that at the feet. 

749. Some railway coaches are now so excessively venti- 
lated above the level of the head, that they feel most uncom- 
fortably cold to those who take their places in them in severe 
weather. 

750. On the whole, then, it may be concluded, that coach- 
makers would do well to attend to the following circum- 
stances : — 

1. To proyide openings for the ingress and egress of air, in- 
dependent of windows, so that tlicy can be controlled in severe 
weather. 

2. To admit the air in such a manner, that, in cold weather, 
it may recciye some warmth from the upper part of the coach 
before it reaches the floor. 

3. To admit the air with extreme diffusion. 

4. To discharge the vitiated air from the upper part of the 
coach, giving the power of regulating the amount of discharge 
by a valve, under the control of those within. 

751. Such arrangements would meet the principal deside- 
rata, and enable many a weai'y traveller to escape much of the 
oppression, colds, rheumatism, or other ailments, that frequent- 
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ly attoiid him on a long joiimey, besides permitting many to 
sleep whose habits enable tliem to take repose at night in 
coachoSj when not disturbed by a vitiated atmosphere that in- 
duces headache* 

752. It would also require rery little ingennity to construct 
tlie floor of ironj so that, in severe weather^ it miglit be made 
to ofter a gentle wafmthj sufficient to take away all sensation 
of cold. Small loaves of preparcfl charcoal, requiring merely 
to be kindled at one end, or a small lamp, might be used, whose 
combustion is sustained, by air entering and discharged alto- 
gether without the coach, and ha\ing no communication whateo- 
ever with the interior. The supply of air would regulate the 
amount of combustion. 

753* In common coac-hes, the heat of the lamps used at night 
might bo made, with a very little contrivaucej to proyide a warm 
resting-place for the feet of the outside passengers, 

754. In the accompanying figure (Fig; 261)j representrag 
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a railway coach, a and b represent openings admitting a supply 
of air from cither end of the coach ; c the surftice of diffusion, 
the amoujit of air permeating through it being entirely under 
control ; d discharging cowls in the roof, which could be muj^e 
to any pattern* By regulating the amount of opening leil in 
them according to the state of the weather, the velocity of the 
train, and tlie action of the wind, the ventilation couldj in most 
eases, be very easily adapted so as to give greatly increased 
comlbrt to travellers both in summer and winter. 



PART VL 

VENTILATION OF SHIPS. 



755. Few fields present more interesting or important oppor- 
tunities for improred ventilation than those that are offered by 
the different classes of ships in the nary and in the merchant 
sendee ; and entertaining the conviction that the means that are 
available for this purpose might be put on a much more extended 
and systematic footing than had been previously adopted, I 
have, for many years past, endeavoured to direct attention to 
this question. And though in none of six of Her Majesty's ships 
which I have ventilated, more or less fully, according to the au- 
thority given, and the circumstances under which they were 
placed, have I had the advantage of having my plans intertwined 
with the original structure, and all of them had, accordingly, to 
be adapted to structures already formed, or for which the pre- 
parations of the materials were so advanced that no time was 
given for the modifications that would otherwise have been made 
in them, the arrangements introduced arc still sufficiently ex- 
planatory of the system recommended, and of the mode in which 
it operates. It may be proper for me here to acknowledge the 
opportunities of communicating with the committee of master 
ship-wrights, which Sir George Cockburn afforded me, when they 
were assembled at Woolwich, about two years ago, and the as- 
istance which I then received from Mr Greuze of the Portsmouth 
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TDoekyard, who continued for several months in my office, ac- 
cording to tto instructions of the Lords of tho Admiralty, when 
I was engaged in preparing the report submitted to the commit- 
tee of master ship-wrightfi* I have likewise to express my m- 
knowledgments to Mr CreniQ^ as I have stated formerly in my 
pamphlet on the Niger Expedition, and to Mr Giatfield of the 
Plymouth Dockyard, with whom I was more especially placed in 
communication in carrying out my plan for the yentilation of the 
Minden, a seventy-two gun ship^ now used as an hospital ship for 
troops and sailors in China. 

756. At a former period ^ I hare also to state j that Captain 
Houston Stewai*t (of the Benbow) gave me a yery important op- 
portunity of studying the state of the air on board a ship- of- war 
at sea. Commander Hathorn, Mr Allan the sm-geon, and the 

pother officers, also assisted me in the experiments and obserra- 
tions I made. Three instruments were employed in these expe- 
riments, one of which was an iron-fanner, which I had used pre^ 
Tiously in illustrations of ventilation j given at Edinburgh in 

J1831j and subsequently at the Gulan Experimental Light-Honae, 
near Edinburgh, in a series of expcjrinaents made there, along 
with Mr Alan Stevenson, the engineer to the Commissioners of 
Korthern Lights* 

757* In perusing the following pages, the reader is requested 
to bear in mind the view expressed in the first part of this work^ 
referring to the influence of ventilation on difibrent conditions 
^life. 



I take this opportunity of stating, in reply to rarious commu- 
[nications that have appeared during the last twelve months, and 
rhich have been very generally circulated, that they are as incor- 
ct as any statements caii well be* It has been, for instance, 
most industriously affirmed^ that, in a vessel recently constructed, 
I took several feet from the sides of the principal caBins, that I 
might accommodate the ventilating tubes introduced* It is diffi- 
cult forme t^ understand how any statement so utterly at variance 
nth the fact c^uld be so frequently reiterated as that was, under 
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all the yaried circnmstances in which it was presented to me, by 
any one who had not deliberate misrepresentation in yiew ; but 
the extent to which this and other statements equally groundless 
have been made, call upon me to repudiate them in the strongest 
language I may be permitted to employ, and to mention, that I 
have three times requested inrestigation on this and some other 
points,-— otherwise the mere hardihood with which they haye been 
made might lead many to entertain the opinion that they were 
true, — as the only defence which is open to me under the circum- 
stances to which I haye adverted. The tubes referred to were 
introduced in the yacant spaces I found after the bulkheads had 
been made and arranged in the places which they now occupy. 



( 351 ) 



CHAPTER I. 

FECTnLIARITIES OP SHIPS — THE SLEEPING BEETH OF 
THE SAILOR, 



758, The state of the air in ships is miich influenced hj 
their constmctioia — the materials of T^hich they arc formed — 
the pnrposes to which they are applied — the preacnco or absence 
of the steam-engine — the climates which they Tisit^the cargoes 
which they cany — the niimher of persons that may be crowded 
mthin a giTen space — the diet that may be proyided — and the 
discipline and usages which may bo enforced* 

759. The ventilation of sliips has not hitherto been placed on 
that extended and systematic footing which is necessary to in- 
snro comfort and success ; but it has been mncb improyed in late 
years, at least in the navy* The sailor's health has been bene- 
fitted not only by this circumstance, but perhaps still more 
essentially by the larger allowance of the necessaries of life which 
he now receives. Man^y of those injurious effects which havo 
been sometimes attributed to a want of ventilation, have not in 
reality arisen from this cause aloncj but hare been dependent on 
other circumstances associated with this evih Of these, none 
have produced so marked an effect as in sufficient nutrition, con- 
joined with defectiTO veutilatiou* Defective ventilatiou impairs 
tlie appetite, and thereby reduces the tone and streng'th of the 
constitution. Inefficient nutrition, on the other baud, renders a 
smaller supply of air endurable than would otherTsise be tolerated, 
ThuSj then, these two causes load to the most injurious results, 
in modes that require much consideration, as, if a desirable pro- 
portion of air be given, the amount of food being deficient from 
an unfortunate or incorrect standard having been taken, the 
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sailor may hare enough of yentilation but too little food. Bnt if 
the amount of air supplied be too small, the deficiency may re- 
duce the power of using adyantageously the necessary supply of 
food where it is freely accorded. It is impossible to study the 
state of the health of the nary in former times, without being 
satisfied that defective yentilation was perhaps the true cause of 
the erroneous standards formerly adopted in regulating the 
quantity of food ; and in considering the numerous evils that 
have been avoided latterly, by a number of measures, it is diffi- 
cult, or rather altogether impracticable, to say how much benefit 
ought to be attributed to the larger amount of food, its superior 
quality, better ventilation, the reduction of the daily allowance 
of spirit, and other changes bearing on the moral and social con- 
dition of the sailor. The valuable Statistical Report on the 
Health of the Navy, by Dr Wilson, amply illustrates the import- 
ance of these questions. The opinion I have given as to the 
probable source of the inefficient supply of food formerly allowed 
in the navy, appears to me strengthened by all the facts on this 
point I have been able to ascertain, proving that it was impos- 
sible for the appetite to be good in an atmosphere so loaded with 
impurities as it usually was on board ship. 

760. The peculiarities which require the first notice in look- 
ing to any systematic measures for the ventilation of ships, are 
the following : — 

761. I. All ships contain cavities under the surface of the 
water, the whole of which, on some occasions, in severe storms, 
it is necessary to render air-tight, or nearly so (excepting, per- 
haps, in the largest war ships, which are not so subject, from 
their great altitude, to ship a sea, and where, accordingly, the 
hatches on deck are rarely closed) ; it is impossible, therefore, 
to ventilate them effectually in those cases where the necessity 
for ventilation is greatest, unless some power be applied, either 
by heat or by mechanical means, to force a change of air through 
such small openings as the safety of the vessel may permit. 

762. II. The extreme value of various spaces in ships of 
IT, which might otherwise be most advantageously applied for 
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the purposes of ventilation , renders it necessary to adopt some 
channels that would not otherwise perhaps be chosen* 

763. IIL Ships at sea, and oven ships at anchor in aoy tidal 
stream, are not only subject to the variations of the external 
atmospherOj but tlie various movements or altered positions in* 
duced iu them by a change in the tide^ in tlie wind, or in the 
tack upon which they may sail, often produce extreme changea 
in the atmosphere to which the individual sailor is exposed. For 
instances the iiir in the lower deck of ships is in general found 
to move gently by a variety of currents, if all the ladder- ways 
and hatches be open, entering at some and escaping at others, 
when the men are asleep. But should the position be altered by 
the tide or any other cause, the wind continuing as before, then 
those individuals whose bodies may have been bathed in per- 
Kpiration, from the warmth of the heated air from their neigh- 
bours passing over thorn, perhaps for hours previously, may now 
be suddenly subjected to a cold stream of aii*, from a change in 
the direction of the currents, while those that were formerly in 
this position may be as suddenly subjected to the warm current 
of vitiated air, 

764. IV. Sailors generally sleep under circumstances alto- 
gether in opposition to the uatiu^al laws of ventilation and re- 
Bpiration. The body is so formed that the vitiated air from ita 
surface, and from the lungs^ tends to escape by an ascending 
movement (see Respiration). But the position of the hammock 
of the sailor, as illnstrated in the accompanying Figs, 262, 263, 
2 64 J 265, taken fix)m the lower deck of a first-rate liue-of-battle 
ship> shews that the sailor, when asleep, must generally be enve- 
loped in a vitiated atmosphere. His sleep is not of that refreshing 
cliaracter which is desirable. In warm weather his face is fi^e- 
quently flushed, and suffused with perspiration ; and even in fi'osty 
weather, when the decks are crowded, the same thing may often 
be observed, though to a less extent. 

765. Fig. 262 illustrates the general disposition of the ham- 
mock g in the lower deck of a man-of-war, where the sailors sleep, 
and when they are not berthed with that extreme closeness which 
is too olteri resoi'ted to, if tliere be a very full complement of men. 

t 
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The small figures repre&ont the* intlivulual luiTiimockSj whicli are 
' coramonlj" so close to oacli other, that they iona an impenetrable 
barrier to the progress of air between thcmj though aii* may cir- 
> c ulate between their extremitiei? in a very imperfect manner, 
m, three, four, or five hundred men may be constantly obserred 
111 their hammocks, in the lower deck of a man-ot^war, according 
to the duties that require attention at sea, or in a protected 
jinchorage. 

760. Dense as tho aggregation of bodies may appear in the 
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shewn, it is short of the reality, m has been hinted, w^hen 
lie ship is crowded. The following figures shew more mi- 
nutely the position in which the sailor sleeps. In Fig, 263, the 
middle deck is supposed to haye been romoredj and the sailors 
in the lower deck exposed to view^ as they sleep in their ham- 
mocks, immediately below it. In the longitudinal section, Fig. 
864, the proximity of the body to the beams above is shewn. In 
fig, 265, a ricw is given of an individual hammock. 

767. In numei*ou& observations, taken in different ships, at 
all hours *)!' the night* and under vei'v various rircumstanees, I 
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have idmost always tioticed tliat the same fact, viz. that sailorB 
da not <^njoy a refreshing sleep M'hen the lower deck is crowded 
with the usual eomplcment of men^ ajid the ports shut. Etbii 
when one-third or one-half of the men are not in tlieir hammocks, 
still the space allowed for each does not, at ordinary tempera- 
tures, aud Tiith no j^pecial arrangements for ventilation, allow any 
adequate supply of air. In a few minutes, in general, after the 
men retire to rest, the atmosphere around them becomes satu- 
rated with moisture, and largely charged with carbonic acid and 
animd exhalations ; even then, it is almost insupportably offen- 
sire to the majority of individuals accustomed to a better atmo- 
sphere, who place their iead for a short time between the ham- 
mocks. It IS not, perhaps, too much to affirm, that the premature 
old age which appears to creep insidiously upon the sailor who 
sleeps where such an atmosphere prevails, arises more from this 
cause than all the other hardships to which he is exposed, par- 
ticularly when it is recollected that his natural sleep is broken 
by unequal watches, and that he is not unfrequently called upon 
to pass from this enervating and over-heated atmosphere, to en- 
counter all the severities of tte storm and the coldness of the 
midnight air. 

768* Better arrangements for the sleep of the sailor are de- 
sirable accordingly, not only to enable him to breathe a purer 
air, but also to prevent the bad effect of those extreme transitions 
which are to many still more injurious than an oppressive atmo- 
sphere. There may be practical difficulties in the arrangement, 
but if a general discharge of vitiated air from the lower- deck 
could be effected, and t!ic hcimmocks suspended at a lower level 
than at present by special arrangements, or converted into cots, 
the sailor would, at once, be relieved from the more injurious 
effects of such atmospheres, as the current of vitiated air, ia 
whatever way it might incline, would then roll over at a higher 
level than his head, instead of enveloping his whole frame* Tlio 
result of numerous observations made in various ships, from first- 
rates to the smaller iron steam-boats ^ has presented a difference 
of from 2 to 1 2 degrees between the temperature of the warmer 
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' rospircd and that of the floor of the deck, a few feet below. 
Such was the range, at least, ohserTod in the Benbow (72 guns), in 
the Camperdown (120), and in much smailer Tessels. And when 
the ftdl complement of men have been present, the dimness with 
which the candle burned, and occasionally the oppression or 
restlessness of the sentry in pai*ticular situations, according to 
the manner in which he is aiFectedj often indicated, in the strong- 
est manner possible, the condition of the air, 

769, By sleeping on the floor of the lower-deck j instead of in 
the hammock^ great relief is in general immediately experienced; 
but the intermediate position is decidedly preferable, a$ there 
the sailor is equally protected from the first impulse of sharp and 
cold currents rolling upon the floor, and from the deleterious 
stream abore. 

P 770. In some parts of the lower deck, the air Is generally 
much morcoffensiye than at others, particularly between the hause 
holes (for the cables at the bow) and the foremast hatch. When 
these apertnres (the hause holes) are well closed by those wlio 
are apt to sufler from being near to them, no circulation, between 
the hause holes and the first hatch, is observed, except of the 
most trifling description ; and this is generally produced by an 
uuder-cnrrent passing forwards, and returning in an opposite 
direction above^ so M to supply each succeeding berth with the 
atmosphere exhaled and expired in the preceding hammock, 

^In aeyenty-fourSj and other ships of this class, the atmosphere in 
Ihe zone of respiration becomes generally very indifferent abaft 
in the course of a quarter of an hour or twenty minutes after the 
men retire to rest, and inundates the gun-room at the stern, a 
slow current passing commonly, though by no means always, 
throughout the whole ship from the bow to the stern, 

771. When the lower-deck ports arc open, or provided 
with window frames, as njay be observed in the guard-ships 
at Sheerness, and two other stations, the purity of tlie air at 
night is greatly improved ; and eyen in cases where, irom the 
>f the weather, they have been professedly shut, still if they 
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rniMk tike lare and preci^on adopted at sea, the 
of air dun takes place produces a marki^d 
t tlie o^okiaii of the vitiated air above. 



772. la lookuig to Ibe mefin^ b? wliich Tentilatian may be 
pniMfllcil OB board ship, apeuings working by the natural move- 
Bonts rf the air, — The Windsail — ^the Steam -boat tire — the 
Giillifr or oilier Fin?:^ — and the mechaiiical contrivances explained 
in Vvt IL, — fill demand attention. Rut in tracing their effects, 
howeTer n:^t^t^ll they may proie in particular localities, it will be 
foiuid that, without the systematic arrangement of air-channels, 
regy kad eHect^ only arv produced in large ships ; and fi^equently 
tlie air extracted i:& not necessarily, in all caseB^ the vitiated air 
of respiration, hut may, under certain eomhinations, he the pure I 
air which may hare only recently entered. 

7 73. The W i xdsa I Lisa very valuable auxiliary on numerous 
oeiWMAS, and, indeed, for general use on board sliip ; but many ' 
omona objections arise when it aifords the only means of venti- 
lalioi] that are accessible. It h usually made of canvas, and of 
a length sufficient to admit of its being extended from some 
height above deck to any deck (or hold) where its action is re- 
quired. The open mouth of the windsail being tttmed to the 
wind, it enters freely, according to the force witli wliich it blows, 
and the manner in which it is arrange<L I 

1 • It is of little or no usi^ as the weather becomes more and 
more calm, i. e* on those occasions where ventilation is generally ^ 
most urgently demanded. 

2. In stormy weather, when the hatches are battened down, j 
and the men crowded below, it is inapplicable. 

3. Its operation is frequently very local, the air introduced 1 
often da,<^hing in a current in one direction, instead of traversing i 
with an equal and gentle flow the whole space where its operation i 
h required. 
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4. The severity of its action is sometimes so great, that it is 
not unfrequently tied up at night by thosie in its vicinity below 
deck, though others, at a distance, may not ha?e been affected 
at all by its oi>eration. 

5, Where special sources of impurity prevail, whether they 
arise from hi lj»^- water, the state of the hold, or other causes, 
there the wind sail too frequently introduces fresh air which 
dilutes the impurity in the chamber to which it may be led, but 
does not effect that certain removal of a vitiated atmosphere 
which is the first desideratum, and which is necessai'ily accom- 
panied in all ships by the introduction of fresh air forced inwards 
by the pressure of the atmosphere, 

774, The common windsail always operates by a plefifjsm 
movement. Bra^s or copper wind sails or cowls are sometimes 
fixed on deck, and turned from the wind ; they operate by ex- 
haustion, and cannot be made of flexible materials, as they would 
then collapse. 

775. The Fire of the Gallie has occasionally been con- 
verted into a ventilating power ; but, so fai" as I am aware, 110 
general and systematic distribution of communicating channels 
has accompanied the application of this power. JVothi ng, how- 
ever, more certainly tends to improve the atmosphere of a ship^ 
than the influence of the ga!lie-fire, as it may be made to serve 
the same purpose as a shaft ; but the objections to sustaining the 
fire at night, and the size of the comifluni cations required for 
effective ventilation, must prevent its being so extensively useful 
for such purposes as might be ima^ned. In all cases where I 
bave endeavoured to apply its action j the objections made ap- 
peared to me sufficiently cogent to force me to give up the idea 
of trusting to it alone, as the eff'ective means of inducing a suf- 
ficient amount of ventilation ; but, though not resorted to fofr this 
purpose, its power should not be thrown away. By establishing 
a communication between it and the hold, or any part of the ship 
where ventilation may be more urgently required, a certain be- 
nefit may be always securod^ which will be productive of much 
good, even where nothing else is attempted. 
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776. The freedom of access generally necessary around tlie 
fire, and the constniction of the cooling apparatus, does not afford 
facilities for those large and air-tight channels, which are so essen- 
tial for obtaining considerable power from any heating apparatus ; 
the larger the area, however, and the more direct their access to 
the fire, or to any channel formed between hot plates, the greater 
is the discharging power. It is almost superfluous to observe, 
that all such air channels should be carefiiUy protected by several 
folds of wire-gauze from the ingress of any spark, as without this 
there would not be a sufiicient guard against the risk of accident 
by fire. The gallie-fire operates most effectually when it is 
supplied with air by air-tight channels, solely from the places to 
be ventilated ; but this is incompatible with its use as an open 
fire-place. 

777. In the temporary application of local fires on board 
ship, for the purpose of drying or effecting a change of air, much 
may often be done to render them more useful by studying the 
circumstances under which they are applied, and taking care that 
a distinct course shall be given for the ingress of fresh air to 
supply the fuel, and another for the discharge of the vitiated air, 
or products of combustion before they have cooled so far as to 
lose their ascending power. When this is not attended to, the 
cold air supplying the fuel descending through the same channel 
as that through which the escape takes place, the conflicting 
currents retard each other's progress ; the vitiated air gets too 
cold, and often remains a considerable time, to the danger or an- 
noyance of those who are near it. 

778. Wherever ventilating apparatus — as pumps, fanners, 
SCREWS, WINDMILL VENTILATORS, and BELLOWS, have been 
employed, they have all been made to act beneficially, parti- 
cularly in those cases where an exhausting power has been put 
on the hold. If the exhausting power be put on the hold, 
it acts with more general benefit to the ship than if directed 
upon any other point, particularly if placed in the well, all the 
air in the hold being allowed to communicate freely with it. 
Unless, however, systematic channels be introduced in the man- 
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mer Teferred to, the number of instruments must be increased in 

proportion to the compartments to be yentikted, or yery local 
effects only can be anticipated. 

779. Whatj then, is the desirable course to adopt on board 
ship I and wliat are the more prominent points that should re- 
gxdate, in geoeralj the systematic yentilation of ships ? 

1 , It cannot be expected that this subject will be put on the 
best footing, unless a higher standard of health, of strength, and 
of length of life, be kept in yiew than proTail^ at present, making 
allowance for the great improyements recently introducedj and 
the comparatively high condition in which the health of the 
Nayy now stands. The question has too often hitherto been 
settled by a summary reference to what the constitution can bear^ 
rather than in accordance with the laws that regulate the tone 
and strength of the human frame. 

2. An increased allowance of air mnst form the true founda- 
tion of improyement in all crowded ressels ; without this no satis- 
factory progress can be expected. 

3* Regulated and appointed channels for the ingress of fresh, 
and the egress of yitiated air, are essential. Without these, no 
systematic movement of the air can be induced. 

4. A moying power should be provided of such force and di- 
mensions as to control the condition of the air throughout the 
whole ship, capable of being worked independently of fire, and 
of being brought into powerful action, both in extreme calms, 
and when the hatches are battened down in stormy weather. 

5. In moving tlie air, the primary object should be to act 
directly on the vitiated air, and secure its discharge, as then fresh 
air must enter and reach the lungs nncontaminatcd with that 
which is withdrawn. 

6. Much may be done to promote natural yentilation, in mo- 
derate weather, by adjusting proper communications with the 
external atmosphere. 

7. In new ships, by torraing the necessary channels between 
the original timbers, a great saving of expense may he effected* 

f 8. As a general principle, the yitiated air should never pass 
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from the hold, or any other place where it may communicate an 
offensiye atmosphere to the cabins ; but the power should be so 
arranged, that they should rather draw air down from the 
cabins than send any vitiated air to them. 

9. In trading sailing vessels, loaded with goods, special 
provision should be made for the comfort of the men, by in- 
creasing the amount of ventilation where particular cargoes are 
shipped that contaminate the air. The sleeping-berths of sailors, 
in such vessels, are sometimes still more oppressive than in the 
navy. 

10. In steam-boats for passengers, particularly on short 
voyages of a few days, the offensive smell of the bilge- water from 
the hold, which is still so frequently observed, ought, per- 
haps, no longer to be tolerated, as the means of ensuring per- 
fect ventilation would be simple and economical, compared with 
the magnitude of the evil that would be overcome. The 
aetion of the paddles, as fanners, in calm water or rivers, and 
the power of the chimney, afford ample means of ventilating 
steamers in ordinary weather. But, as the paddles would not 
be so available in stormy seas, and as the free use of the power 
of the fire might be objectionable on account of the diminution, 
however slight, in the production of steam, which might result 
from any impediment to the supply of air to the fire, or from 
the action of air of an inferior quality, affecting the combustion, 
and as these circumstances concur with causes that diminish th'^ 
ordinary supply of air, by the closing of the ports and hatches, 
— a mechanical power, worked by the steam-engine, is much to 
be preferred. A power sufficient to sustain a comfortable state 
of the atmospliere, in a steam-packet, would not, in general, pro- 
duce a sensible effect in retarding the progress of the vessel. 

780. A small fraction of the amount usually spent on more 
decoration in steam-packets, if devoted to the purposes of ven- 
tilation, would give unspeakable comfort to all who are borne 
down by the smell of the intolerable bilge, and other accompani- 
ments of a rough or stormy passage. To them the want of some 



VENTILATION OP STEAM-BOATS. 



365 



superfluous fijicry would be no loss compared witli the substan- 
tial a4 vantages of a fresh and whole some atmoapherej the want 
of which too frequently causes delicate constitutions to brare the 
seTerities of an exposure on deck, from which they do not always 
recover, rather than be subjected to the polluted atmospherOj 
which they di^ead below. It would probably also tend to in- 
creaao the profits of the proprietors, were they generally to 
TOntilate their packets, by inducing many to take passages, with 
comparatiTc relief, upon which they would not otherwise yenture, 
and as it is possible, by such means, to reduce very much the se- 
verity of sea-sickness, when its occurrence cannot be prevented. 

1 1 . In ships of war, transportSj and ships simOm^y crowded, 
the extreme value of space on the fighting decks, and the num- 
bers aggregated at times within a given space, render a modi- 

I fication of some of the arrangements essential. 

12. In hospital-ships, and in all ships proceeding to localities 
^ dangerous from tlie state of the atmosphere, the power of work- 
ing with a plenum impulse should be given in fitting up the 
ventilating arrangements, with the view of communicating che- 
micals to the aii*j and producing a medicated atmosphere on 
board, 

I 13, In many floating chapels, a peculiar arrangement (shewn 
afterwards) is desirable, otherwise the warm air in summer enters 
above the congregation, and passes directly outwards, the 
Titiated air being retained below from the comparative coldness 
of that pai*t of the ship which is below the water-line. 

14. In convict^ships, having a severe exposure, the inmates 

«?n sufter much from the manner in which the air strikes upon 
m from tlie ports or windows, and also from the vitiated state 
oi ihe atmosphere which they respire when they go to rest. 

15. SlavG-ships too often exhibit the extremes of human en- 
durance, in the most vitiated atmosphere perhaps to which hu- 
manity u exposed, as well as the fatal influence which it nlti- 

Ktely exerts* Cruisers, carrying a small portable ventilating 
trument on board, would often find it useful in relieving the 
infleringsof the slaves, 
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CHAPTER II. 

ILLUSTRATIONS. 

The following illustrations will convey a more precise yiew of 
many of the points referred to in connection with the yentilation 
of ships. They illustrate a series of inyestigations, made in sUps 
of the line, steam-ships of war, yachts, packets, conyict-ships, 
floating-chapels, &c. &c., in this country, and other places, 
more particularly in the Baltic. 

781. In taking a general yiew of the yentilation of ships, 
let Fig. 266 indicate any ship, and let the broad dark line ex- 

Fig. 266. 
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tending from bow to stern, point out a ventilating channel com- 
manding the whole of the ship ; — the object is to draw off viti- 
ated air from every compartment, giving the means of an equi- 
valent supply of fresh air entering with such diffusion as pre- 
vents it from being offensive. If the under side of the tube 
that opens into the various compartments separated by bulk- 
heads be connected with them by apertures commanding the 
atmosphere in them, then, any heated chimney, shaft, or appa- 
ratus on deck, whether of the form represented or very different, 
if it can secure a flow of air, draws from it the whole of the 
compartments, when the valves are properly adjusted. Fresh 
T enters, at the same time, by the open tubes represented at 
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riglit angles to the other, and di&tributea itself oyer the floor be- 
fore it escapes to the ccilingj where it is ultimately dischai'ged 
ahoye deck* 

782. Again, certain tubes are seen in the aboTc figure pass- 
ing frofcm the horizontal tube to the hold^ bnt supposed in the 
ease explained to be shut. But if the valves in them be opened, 
then the leading horizontal ventilating tubes operate not merely 
npon the compartments referred to, bnt also on the hold, as in- 
dicated in Fig, 267- And, if the apertures meutioued in the 
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preceding paragraph be closed, those in the descending tnbes 
to the hold being opened, the whole power of the ventilation can 
be placed on the hold alone. 

783* Lastly, if the horizontal tube be left out of considera- 
tion, a certain amount of ventilation may be always secured by 
connecting two tubes with every compartment, the longer one 
leading fresh air to the floor, while the shoiier one opens at the 
ceiling, and discharges the upper stratum of hot vitiated air 
from crowded and warm apai-tmenta. This latter aiTangement 
of the ventilation is not supposed to bo in any way connected 
with that explained in the two preceding paragi^aphs : it is the 
pimple and natural mode, but not so effective as to be depended 
and one that is often rendered comparatively inefficient by 
e upper discharging tube alone being provided instead of two, 
for each individual cabin. More than two may be used for 
each place, as sliewn, if one sufficiently large cannot be obtained. 
784- In effecting the objects now adverted to^ the power to 
used, and also the leading air-channel, may he plaeed on 
k, or below deck, and endless variations may be made in de- 
taOs, as local circumstances may dictate, if the proper amouut 
air bo supplied with the rec|[uisite diftnsion. 
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786, Fig, 269 shews a plan of the great ventilating cbaiinels 
in the hold of the Minden now in China ; a the central cammn- 



Fig. im. 
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nication which receives air from the two traasTerse tubes con* 
nected with it, and discharges it upon deck* The^e transTerso 
tubes receive air from the fore and aft branches & d, {? € ; they 
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are secured along the side of the shelfj and connected with up- 
right tubes wherever a dark mark indicates the position from 
which they pass into the decks above, as explained in the follow- 
ing section. 

787* The section is taken across the centre o", and shews one 
series of its communications on either side. The air from the 
cockpit and gun-decks enters the upright tubes at c c, when the 
valves arc openedj which can be atljusted to any extent that 
circumstances may require. A mechanical power placed in the 
cockpit-deck at a, commands the ventilation of both decks and 
of the hold, according to the openings in use. 

788. In the event of it being considered desirable, at any 

A a 
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time, to medicate the air, the moyements of the aerial currents 
can be reyersed, and any peculiar products conyeyedto the hold, 
or to the decks by the lower yalves b 6, Fig. 271. 

Fig. 271. 




789. The yentilation of the Minden was recommended by Sir 
William Burnett, the Inspector-General of iN'ayal Hospitals and 
Fleets, and completed at a short notice, principally with such 
materials as the stores at Plymouth afforded. It is commanded 
by Captain Quin, forming also the head-quarters of Dr Wilson, 
the Inspector of the Fleet in China, &c. &c., and the author of 
the important and yaluable report on the Health of the Nayy 
to which I haye already had occasion to refer. 

790. The Minden, about twenty-four years ago, was the 
scene of one of those serious accidents that have occurred in the 
well,^ and in other confined places on board ship ; and such ac- 
cidents having led me to recommend that eyery ship should bo 
provided with a small portable air-machine, such as I procured 
at a future period for the Minden and other vessels, independent 
of the general system of yentilation introduced, it may be im- 
portant to state briefly the details of the case, so far as I have 
procured them. I obtained the following account from Mr 
Miller, who was the master at the time the accident happened, 
of which he informed me several years before I ventilated 
the Minden, when attending my classes at Edinburgh. I 



♦ The lowest part of the hold, to which all water entering by leakage or other- 
wise into the hold, always flows, and upon which the pumps are accordingly made 
to play. It is pointed out particularly in some of the foUowing woodcuts. 
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haTO not been able to procure any informatiou as to tlie pecu- 
liar natui'e of the gas eyolyed, as it was not made the subject of 
experiment ; it wa5, in all probability, carbonic acid gaSj from 
tlie effect it produced npon the caodle, but might have been 
mixed with other products. The more speedy recovery of the 
first sailor, who had been longest in the woll, and exposed to the 
gas in its most concentrated forra, is not an unusual case, as 
those often suffer most who enter an atmosphere of very bad 
qualityj if mingled with sufficient air to admit of its entering the 
luugs ; while, if more conceutrated, the indiridual exposed falls 
down in a state of suspended animation, without any reaching the 
lungs ; and hence, if placed where ho revives, he is the first to 
recover, his lungs being freest from bad air* • 



Accident in H. M. S. Mikden in the year 1819-20. 



I" On board H* M, Ship Miuden, bearing the flag of Admiral 
ir Eichard King, in the harboui' of Trincomal^e, in the year 
1819-20, a boatswain's mate was ordered to see the pump well 
swabbed out. A man was accordingly sent down with a bucket 
and swab, but as he neither filled the bucket nor answered when 
called to, a second man was sent down to see what he was about. 
He also refused to answer immediately. Three more rushed 
down into the well^ who all, like the first two, remained silent. 
It was then reported on the quainter- deck that the men in the 
pump- well were supposed to have got into the spirit-room* The 
master, on entering the cockpit, susx>ectcd the true cause of the 
men's silence, and ordered a lanthorn to be lowered into the well, 
the light in which went out when about half-way down. It was 
let down a second time, and the light bui-ned long enough to shew 
the whole of the men lying over each other ou the kelson. Ou 
being lowered down a third time, the light was found to bum 
dimly at about 6 feet above the men* The master, with a bow- 
ig-knot under his arms, descended the well, leaving directions 
haul him up the moment he could uot answer — he succeeded 
slinging the men, who were hauled up and laid on the main- 
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deck, lo all appeuvnce quite dead. In a sluirt time they h^m 
fa respire, ih& lips and fae<^ became black ; tkey foaiaed at the 
moat^T and the wliole were fearfiillT coonilsed. None of them 
rtc0Tered their usual health, and some of them were inr^dcd. 
The man who descended the weH first, was the first who r^ 
corered. 

(Signed) " John Miller, 

Late Mmier of the Mindeny 

Mr Miller has since added^ — 

'* The officers who assembled in the cockpit, on heamg what 
had taken place, remonstrated agmnst the master descending into 
the well ; but he replied that he thonght be could breathe, at least, 
as low down as a light would hum, and on reaching the light he 
felt no ineonTcnience ; and eyen after be had succeeded in slinging 
the whole of the men, though be was engaged for a full quarter 
of an hour, he did not subsequently experience any further in con- 
Tenience than a slight headache. From the agitation, the air 
continued to improve gradually in the well, and by the time he 
had left, the candle was not extinguished when lowered to the 
kelson (about 6 feet lower than it was capable of burning at 
first)." 



FctctUti^ presented for pTovidmg arraiiffemenU for Veniilatim 
in the origiTml co^istruction of large Ships. 

791, Though the influence of steam, and the use of rery 
large guns and sliells in ships of war, is daily introducing new 
peculiarities of construction in the naval serrice^ it will not be j 
unprofitable to consider the manner in which permanent ar- 
rangementB for tlie ventilation of large ships, of the usual con- 
struction, may be secured, and temporary substitutes applied in 
ships already built* For this purpose, it will be necessary, in i 
the first instance, to refer to the following figures. 

792. Fig, 272 presents a section of an eighty-gun ship, A i 
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^tlie quarter-deck and forecastle j B tlie main- deck ; C the lower- 
I deck, or gun-deck, bearing the lieaTiest metal ; D the orlop or 
^H cockpi Week ; E tlie hold; F the poop; a h miBcellaneona 
" BtorcSy bread roonij &c. ; c passage to the after magazine ; d 
y^the magazine ; e store-rooms, spirit-roomj jmd after hold; /the 
^pirell J ff the main hold } h the coal-hole ; k the principal ma~ 
gazine. The light-room is the compartment beyond it and I ; I 
the gunnery store-room. 
I 793» Fig» 273 shews the quarter-deck and forecastle of the 

B game ship, a a the captain's cabin ; h c the clerk's and cap- 
H tain's steward's offices ; d ladder w^ay ; e gratings ; // scuttles i 
^g g ladder-T^ays ; h main-hatch; i fore-hatch; m mizenmast; 
I n mainmast ; o foremast. 

H 794. Fig. 274 gives a plan of the main-deck ; A the maa- 
~ tcr's cabin ; B the captain of marines j C the wardroom steward ; 
D the third-lieutenant ; E the commander ; F the first-lieu- 
tenant ; G the captain's steward ; H the second-lioutenant ; 
I the wardroom ; K the ladder- way ; L L gratings ; M hatch ; 
N matn-hatch; ladder-way ; P ladder-way; Q fore-hatch; 

»R the galley fii*e ; S T U scuttles ; V dispensary table ; W X 
closets* 
795. The boundaries enclosing S T U V X constitute the 
BICK-BAY or INFIRMARY, whcro improTemonts to a yery great 
extent might be easily made in the Yentilation, in the sleeping- 
berths and in the closet, by following the details explained in the 
general illustrations giycn in Part II. Here also the use of a 
special Tcntilating power, as a moveable fanner or screWj would 
be extremely useful, under pai^ticnlar circumstances, if placed at 
the disposal of the medical officer in charge. 

Fig* 275 points out the gim-deck, where the sailors sleep, 
the yarions hatches and ladder-ways continued from above, and 
the gun-room at the stern, which I hare formerly mentioned as 
being so often oveiTun with the vitiated air from the place where 

■he sailors sleep. The arrows proceeding from a to h indicate 
he course which the air may be made to take, if the vitiated 
air produced by respiration be withdrawn by channels such as 
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hare been already represented in the figures explaining the yen- 
tilation of the Minden, where they were formed of iron tnbes, 
or they may be constructed as explained in succeeding para- 
graphs. 

796. Fig. 276 gives a plan of the orlop or cockpit-deck. 
a One of a number of gratings, below and above which bread is 
usually stowed ; h scuttle and passage to the after magazine ; c 
the magazine passage and handing-room ; d the after magazine; 
e e scuttles to the light-rooms ; / / light-rooms ; g purser's 
store-room and bins ; h ward-room, store-room, and bins ; i chap- 
lain ; h fourth lieutenant ; I schoolmaster ; m midshipmen ; n 
surgeon ; o captain's store-room ; p dispensary ; q fifth lieute- 
nant ; r lieutenant of marines ; a second master, assistant-sur- 
geon, and captain's clerk \ tuv scuttles to store-rooms, spirit- 
room, and dry proyisions ; w the after-hatch ; y z scuttles to 
shot-locker. 

797. In this part of the figure, the reader's attention is par- 
ticularly directed to the arrows proceeding from either side of a?, 
which indicate the course in which fresh air supplied by a wind- 
sail through the hatches above traverses too frequently the centre 
of the cockpit, overpowering at times those who receive its direct 
impulse, even though it be checked before it escapes, and dash- 
ing impetuously, when the wind is strong, to the ladder- way 
above the scuttles t u, while those in the adjoining cabins have 
little benefit from it. The doors, and the structure of the frame, 
give no necessary ventilation at present, though, from the open 
spaces communicating with the timbers and with the upper part 
of these cabins, the deck above, and the hold, facilities are not 
wanting for the application of power. 

Continuing with Fig. 276, w indicates the well ; A the main 
hatch ; B the sail room ; C C cable tiers ; E the fore hatch ; 
F boatswain ; G marine ofiicer ; H slop-room ; I scuttle to the 
magazine ; K the principal magazine ; L the light room ; M 
carpenter ; N gunner ; pilot ; P P scuttles to light room ; 
S T W gratings and ladder-way to gunner's stores. 

798. The arrows between the hatches A and E represent 
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ttiates a little irith tlie rolHng of the Bhitv and tlio Tariation of 
temperature in the different flecks and tlie hold. Minuto and 
careful watching of the extent to which the air mores in thenij 
lias assured me, that the effect they produce at present is alto- 
gether trifling, though even that h yaluahle, in m far as it pre- 
vents absolute etagiiation. In this figure, though another deck 
is seen beyond what is met with in the 80 gun-ship, the general 
dispoBition of the vacant spaces is the same in all ; but if these 
are sufficient in the larger ship, where there is an additional deck 
(the rmddle-de€]c) to vontilatej it will be seen, on examination, 
that the 80 gun and other smaller ships, may he ventilated with 
no more difficulty. 

800. As to the mode of using these vacant spaces, which 
are fonnd between the timbers and the planks, it is explained 
by the figure* A horizoutal tube uaaa is provided^ in the 
first place, in the hold, as in the Minden (see page 369), and 
connected with tlie spaces selected for use. Thus, in the cock- 
pit- deckj d d d, under the lower-deck ports^ would carry air 
direetly from the cockpit ceiling to a. In the lower-deck, ccc 
wonld perform the same oSice ; and thus a ventilating power 
might be applied to the hold (by openings in a), to the cockpit- 
deck, and to tlic lower-deck, the places of all others which it is 
most important to ventilate, if an exhausting power were placed 
upon fl, and a horizontal tube (such as a) provided on both 
aides, according to the amount of ventilation deemed expe- 
dient, 

801. Even the middle^deck might be commanded to a cer- 
tain extent, if necessary, as shewn by the tubes h ; and this, in 
a first-rate, corresponds, in its distance from the hold, with the 
main-deck of the 80 gun-sliif^. 

802. The dotted lines represent the snpposed continuation 
of spaces that wonld become apparent, and extend in general to 
the quarter decks, were they not rendered ineflective by the cut- 
ting out of the ports, or by their being used at a lower level. 

803. In Fig. 278, 5 gives a vertical section indicating the 
f the tube represented by 6 in Fig. 277 ; c shews the 
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corresponding tube from the lower-deck, and d that firom the 
gun- deck ; a shews the horizontal iron-tuhe in the side in the 



Fig, 278. 



Fig. STff. 



Fig, 2B0^ 




^wW^ 



hold nest the shelf, where it occupies the space of all others 
least Talnable In the hold, ^M 

804* Again, Fig* 281 represents a very general explanar^ 
tory Tiew of the mode ia which a sliip in the East or West 
Indies, or in any other region where Tcntiktion was yery im- 
portantj might he proyided at once with a powerful temporary 
ventilating apparatus, were the system now adyerted to carried 
out, no farther than so as to secure the discharge from the 
deck into the hold hy proper Talves, and opening and regulating 
the number brought into play in a giyeu time. This figure is 
supposed to represent a ship in which OTery tiling at the hatches 
is moTeablo; and were these converted into supply and dis- 
charging shafts when the sailors are asleep, a a admitting fresh 
air J and diffusing it over the decks below the level of cots or 
hammocks, the small tubes convejing vitiated air from the ceil- 
ing to the holdj and the main hatch e being used as a shaft for 
the discharge of foul air, the whole ship might be kept camparar 
tively comfortable even in a warm atmosphere ; and in the 
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course of five minutes, every thing might be returned or re- 
moved, so that no one unacquainted with what was in operation 
could perceive afterwards that any thing unusual had been going 
on. The fresh and foul air channels in the hatches might 1)6 
formed by a man, at every place where it was requisite, fixing 
painted canvas, made to fit the hatches, on every side ; and the 
mechanical power used for ventilation might consist of a wind- 
mill ventilator, all the parts of which could be fixed or unfixed 
in a few minutes, occupying, when laid aside, but very little 
space, from the facility with which the blades could be arranged 
upon each other. 

Kthen, by such simple means, a temporary but efiective control 
could be obtained in moderating the severity of that atmosphere, 
whose powerwithinthc tropics is usually described as being so over- 
whelming, that it is difficult for any one to conceive the condition 
of the air which a sailor often breathes, when in his hammock, in 
the lower deck of a ship of the line, it may, in the next place, be in- 
quired whether it would not be proper and advantageous to intro- 
duce permanent arrangements, which could be used for removing 
the vitiated air by distinct channels, such as have been super- 
added to the Minden, page 369 , and to intertwine with the origi- 
nal construction of new ships, channels that may be equally 
effectual, though found generally between the timbers. There 
is no difficulty as to the principle or practice ; the only ques- 
tions are the extent to which such ventilative power is desirable, 
a question which has already been adverted to in another part 
of this book. (See Part I.) The details shewn in former 
figures, and in those that succeed, point out the more important 
points that can be adverted to, without entering more minutely 
into professional details than is consistent with the object of 
this work. The four following illustrations will assist in placing 
some of the points, bearing on the ventilation of large ships, in 
a more specific form. 

805. If air be received by a ventilator turned towards the 
wind g, Fig. 282, and be discharged by another a turned from 
the wind, then, whether it traverse the deck d e, or/, the accu- 




^v 806. If a temporary discliargiiig -shaft be rigged in the man- 
^Ter recommeiided, not only will it present a power and certainty 
which can never be depended on in the manner shewn in the 
preceding fignrej but the vitiated air from the hold H will also 
be entirely under control, from the influence of the shaft upon it. 
807. A shaft J however, fed with vitiated air as shewn in Fig. 
282s is liable to the great objection, that its action is, in many 
^pects, une<iual ; and, accordingly, the system shown in the 
igs, 284, 285 is preferred, these being transverse sections of 
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Ae dwfU te ito iagNM of ftedi ib, aod Ae dia^^ 
iiTt irben rigged te a temporary piiriKMe to ^ 
wMeofthealiip. The air entering by deiceiit it admittai to 
any deck in the proportion reqnired, and eacapes by the diamiili 
in the rides to the ftre and aft tubes in the bold^ Theseftreaad 
aft tabes in the hold conunnnicato with central branehes placed 
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i^wart ship, and terminating in the central discharge. A valre 
* % the iudd regnlates the discharge from it. 



THE POWDER MAGAZINE, 



387 



80 8 » Each indindual opening being proyided with a ralve, 
the power of any macliinc can be cut oil' or put on at pleasure, 
id regulated to any extent that may be deemed desirable? ac- 
ag to the size of the channels , and the force pnt npon them. 
1 809, The yentilation of the magazine is a subject of consi- 
able importance, as cases haye occurred where able-bodied 

«""^ powerfiil men have fainted in it, from the extreme yitiation 
he dr. Security from accident being a primary object in any 
!e, especially on board ship, where forty tons of gunpowder 
may be accumulated, every thing done for the yentilation of such 
I a p lace must be in unison with this great essential* It is also 
^B object to take no more air through the magazine than may be 
^^cessary when powder is exposed and assorted for such purposes 
as are required, as certain states of the atmosphere communicate 
an amount of moisture to it which is always prejudiciaL Fig, 
286 gives a plan of the disposition of the principal magazine in 
an 80-gun ship; aaaa the light-room, from which the liglit 
penetrates into the magazine through strong plate-glaaa win- 
dows J the doors leading to the light-room are approached by an 
external passage liaiing no communication with the magazine ; 
hh the receiying-roomj into which the powder is handed from the 
magazine ; e the passage into the ma^zine; dddilie powder- 
racks. 



Fi-, 2sr. 



810, Fig* 287 shews a section through the reeei ring-room, 
^e powder-rackSj and the light-room. 

811. So far as I have had an opportunity of visiting the ma- 
sines of diflferent ships, at sea and on shore, and of ascertaining 
! various circumstances under which they are served, it appears 
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to be desirable that means should be provided for changing the 
air to a limited extent by propulsion, so that air can nerer be 
vitiated to the extent that has sometimes occurred. For this 
purpose, let a tube be provided below the magazine, or at some 
convenient place where it can be supplied with air from that part 
of the ship where it can be protected to any extent desirable, and 
let a small pump, bellows, or other instrument composed entirely 
of wood and copper, be placed near a, so that it can be worked 
gently from without, according to any pre-arranged signal, the 
air, forced in by a plenum movement, passing through folds of 
copper-wire gauze, multiplied to any extent in the ingress tube, 
which can also be prolonged by giving it several turns, if neces- 
sary. The air thus conveyed to the interior of the magazine 
will find a readiness of escape by the constant opening of the 
door or other communications with the receiving-room, and, on 
particular occasions, when the men are making cartridges, a spe- 
cial discharge 6, may be put in operation, through which the air 
escaping must always tend to repel any spark, and not permit its 
return. 

812. It is a mistake to suppose that it is very important 
always to have the least possible change of air in the magazine, 
as, when loaded to a certain extent with the moisture of the 
breath, that will affect the powder to a greater extent, in many 
cases, than the fresh air introduced. But the mode in which 
the gunpowder is now kept, renders it independent of the state 
of the atmosphere, except when taken from the powder cases. 

813. It is scarcely necessary to state, that provision should 
be made in regulating the ingress and egress of air at the maga- 
zine, by valves capable of entirely closing the air-channels. Fig. 
289 shews a plan illustrating the progress of air if diffused so as 
to move directly across the magazine. 

814. In the magazine light-rooms, the supply of fresh air is 
often very insufficient; in some of those which I have visited, I have 
found the precipitation of chai'coal in a minute impalpable pow- 
der (lamp-black) to be extreme, and occasionally the entire sur- 
face of the copper lining of the light-room was covered with 
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charcoal from this cause. Some modification of the lamps, or in 
the system of supplying air, as by securing a certain amount of 

Fig. 288. 




Fig. 289. 




ingress and egress of fresh air through wire-gauze at the door, 
is certainly required in such instances as are now mentioned. - 
815. A short examination of the three following figures, 
shewing a profile and plans of a ten-gun brig, will explain their 
general structure, and point out that such vessels can be treated 
in the same manner as those already made the subject of 
observation. Fig. 290 shews the profile ; A the bread-room, 
B captain's cabin, C passage, D gun-room, E pantry, F dis- 
pensary, G for the ship's company, Z the galley, H the cook's 
cupboard, K the captain's store-room, L magazine passage, M 
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maga;nne, N light-room, the well, P the water line, Q the 
hold, R tlie coal-holoj S cai^enter's and boatswain^s store-room, 
816* Fig. 291 gives a plan of the upper deck; a scuttle to 
bread room, h sky-light, c ladder^way^ d capstan, € sky-light^ m 
the main-mast, g main- hatch, h ladder- way, n foremastj ^ funnel 
om gallie. 

817. Fig* 292 gives a plan of the lower-deck; A captain*3 
cabin, B scuttle to store, C scuttle to the magazine, D gun-room, 
E lieutenant's pantry, F dispensaryj G for the ship's company. 
The dai^k figures shew the main-hatch and scuttles to the hold. 
The dotted lines represent the site of the tables ; Z the gsdlie, H 
the cook^s cupboard ; 1 and 5 shew two bed places, lockers, and 
drawers ; 2 the captain's steward's cabin ; 3 the master's ; 4 the 
assistant-surgeon's ; 6 clerk's in chai"ge ; 7 mate's ; 8 midshipmen's, 

818. In examining yessels, such as ten-gun brigs, it is im- 
possible not to observej that, nnless a ventilating power be nsed, 
and means given for enabling it, by a system of air-channels, to 
bear upon the different compai-tments represented^ that anioutit 
of control over the atmosphere which would prevent it from being 
so notorious as it has hitherto been, cannot be obtained- Great 
improvements might undoubtedly be made by a series of open- 
ings along the deck, but the objections to these in stormy wea- 
ther would be so great, that they could not then be used, however 
valuable they might he at other times. In calm weather, be- 
tween the tropics, when the temperature witliin and without the 
ship is nearly the same, such openings would have little or no 
power, even though a considerable difference might be made in 
the altitude of those for the ingress, and those for the egress of 
air. 

819. In Fig, 293, the horizontal tube in the hold, communi- 
cating with the descending branches from every separate com- 
partment, viz., a o a, &e,, the machinery for extracting air at 
bf and the channel for the discharge of vitiated air Cj represent 
the great essentials of ventilation for vessels of the size now re- 
ferred to, The screw, the fanner, or the windmill ventilator may 
be employedj as local circumstances may dictate. The moving 
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power b may be in the centre (in the well), or in any other posi- 
tion that may be preferred ; the amoont of ventilation given to 

Fig. 298. 




each compartment can be regulated by yalyes. From the hold, 
the vitiated air can be extracted by a valre in the lower part of 
the horizontal tube. 

820. The horizontal tube in the hold may be made perfectly 
air-tight, and constructed of iron or other materials, such as are 
both air and water tight, so that, with a little management, its 
power, both upon the hold and upon the indiyidual compartments, 
can be sustained without interfering with the use of water-tight 
bulkheads, where they are required for the safety of the ship. 

821. In some ships, the amount of vitiated air produced is so 
great, and the circumstances so peculiar, that I have, on more 
than one occasion, found it necessary to introduce a plenum 
movement as the only certain mode of supplying fresh air to 
some of the cabins. 

822. In paddle steam-boats, plying solely on rivers, and in all 
such steam-boats, when they are in smooth water, the paddle 
wheels may be used as ventilators, performing all the functions, 
as they are commonly constructed, of large fanners. A con- 
siderable number of trials have assured me of their power in this 
respect, and in some steam-boats, permanent provision has been 
made for using this power in smooth water. It will be obvious that 
paddles move the air as well as the water upon which they strike, 
and hence their power. The paddle, accordingly, when not in- 
terrupted in its action by a rough sea, or by the force of the 
wind, draws in air at the centre, and discharges air at the cir- 




tlie ail* supplied to the cabins, in the manner represented by 
Fig, 2 94 J the supplif being taken from the circumference of tho 
paddle on one side, and the discharge eifected through the centre 
of the other. 

823» To afford greater security against the introduction of 
water, the air might be conveyed to the top of the paddle-box, 
and descend from this point to tho centre. All sucli arrange- 
ments with the paddle ought to be viewed solely in the light of 
temporary expedients, not desirable as pennanent arrangements 
even for river steam-boats. 

824, In the engine-room of steam-boatSj tlie excessive heat 
would be greatly diminished, and the atmosphere mtaintained in 
a more uniform condition both for the men and for the engine^ 
while the smell from it would he much more under control, 
were the air admitted at the greatest distance from the fire* 
place, and made to traverse tho engine as it passes to the boiler. 
At present, the cold air too often descends abraptly in front of 
the fire ; the firemen are subjected to a precipitation of cold air 
upon their heads when perspiring profiisely ; and the fires 
imng mpplkd with mifficient air hy the openings near them, 
thoie at a dwtmice do not admit air^ but often discharge vi- 
tiaied air to the annoyance of the pasamgerB, It would not 
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be desirable, in every arrangement of en^ne and boiler, to caiue 
the whole of the air admitted to trarerse the engine ; but, in i\iA 
greater number of cases which I have seen, the arrangements 
were such as might have been altered easily, with considerable 
relief to the firemen and engineers, as well as to the passengers. 
If the intelligent engineer would take the trouble of holding a 
small smoking roll of brown paper (not flaming) in different 
parts of the engine-room when the fires are in action, he would 
soon become practically familiar with the actual course of the 
currents in ail their details ; and this being known, the precise 
position of the most desirable sites for apertures would soon be 
apparent. There are few places where, from the disposition of 
the planks on deck, and of the beams on which they rest, dif- 
fusion can be more easily given, and where it is more wanted 
than in the engine-room. 

825. In calm weather, a temporary connection established 
between the engine-room and the paddles, exhausts all the foul 
air with rapidity from the engine-room, and would accordingly 
interfere with the amount of air supplied to the fires, and affect 
the production of steam to an extent highly objectionable, if not 
tempered in its action by a valve. 

826. The ventilation of steam-boats may be effected entirely 
by the engine-room, the fire being fed by the air from the dif- 
ferent places ventilated. This is not considered, in all cases, 
so desirable a mode of proceeding as might be anticipated, as 
the free and unfettered supply of air to the fires is sometimes 
of great importance in sustaining the speed of the engine. 
Cases have occurred where a steam-ship of acknowledged slow 
speed has, after a new and skilful disposition of the channels for 
ingress of air, proved superior to another that always sailed 
faster previously. In one of these the alteration was made, so 
that the air entered by the bows and pressed upon the fires. 
Hence, in calm weather, the faster the ship went the greater the 
force of the current entering as from a bellows, and sustaining 
the fires with more power than they could otherwise acquire. 
It will be obvious that every impediment to the facility of the 
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supply, independent of any deterioration of quality in tlio air, 
mtt^t affect the combustion. But where the fires are powerful, 
and the air freely supplied by the ventilating apertures, nume- 
rous steara-boats might use this power with great adyantage ; 
and in somej experience has proved that it is suflScient, though 
the want of adjustment, and of horizontal and pei^endicnlar air- 
channels communicating with different compartments, has pre- 
vented it from being applied in the most advantageous manner. 
In gtiard-shipSj moored at special stations for a long period^ 
the crevices around the windows sometimes fitted up in the 
lower-deck ports, as at Sheerness, Plymouth, and Portsmouth, 
contribute much to promote the ascent of vitiated air from the 
place where the men sleep, and to give a more eqnal ingress of 
fresh air* 

In Stationary Convict Ships, the means of effecting ays- 
tematie ventilation might he introduced with great facility. The 
principal desiderata are^ — 

1, A regulated ingress of fresh air, supplying pure air to each 
deck. 

2. A vitiated air-cliannel fh>m each deck, discharging the 
had air without sending it previously, as the only supply, to 
other decks* 

3* The reunion of all the discharges in a central escape, con- 
trollahle hy a valve, so as to he regidated to any degree that 
the numbers in the ship, the state of the atmosphere, and other 
cir cum stances, may render necessary. 

4. The introduction of a screw, or of a windmill ventilator, 
in the escape, that ventilation may he insured in all states of the 
atmosphere. In sultry and oppressive nights, one of the con- 
victs turning the windmill ventilator would give great relief to 
all. 



82 7r The arrangement now explained would have the great 
advantage of permitting systematic ventilation to such an ex- 
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tent as might be required eren in the sererest weather ; while, 
no air being permitted to enter at windows or ports, those near- 
est them would be less subject to attacks of cold, such as may 
prore ultimately fatal in particular constitutions, not guarded 
against the ingress of air. The usual apertures around the 
crerices of the window might be rendered absolutely air-tight, 
the supply from other sources being ample. 

828. Figs. 295 and 296 indicate the progress of the air in 
a conyict ship, in which I examined very particularly the move- 




Fig. 298. 




Fig. 296. 




Fig. 296. . d . 




mcnt of the cun*ents on one occasion, from the time the men 
went to rest till they rose next morning. Those nearest the 
ingress of the air on the lower-deck had good air, but rather in 
excess, — those a little farther on were comfortable, — ^tlie heat 
of the air warmed below by the respiration of the men, and by 
their bodies generally, gaye it an ascensional power which en- 
abled it to exclude fresh air from the deck above. Those above 
accordingly respired, as the arrows indicate, vitiated air from 
below. All, except a few, respired bad air. 

829. Fig. 297 shews the progress of the principal currents 
of air which I have observed in hot weather in Floating 
Chapels. The external air, which was very warm, entered 
above the heads of the congregation at a a, and escaped at h. 
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The heat of respiration did not enable the yitiated air evolyed 
to rise above it. The ship accordingly retained the yitiated 
air. Had arrangements been made, such as are shewn in Fig. 
298, a yery trifling power applied at &, or eyen the effect of a 
powerM sun acting on &, after painting it black, might haye 
sustained a discharge. The air was heayy, dull, and disagree- 
able, during the whole service, when I made the observation I 
have explained. 
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CHAPTER III. 

VENTILATION OF THE NIGER STEAM-SHIPS. 

830. The system of ventilation adopted in the Niger expe- 
dition, not only included the general arrangements recommended 
for the ventilation of ships, but additional means were also pro- 
vided for controlling, to a certain extent, the influence of the 
atmosphere, and adapted to the peculiar service in which the ex- 
pedition was engaged. 

831. In particular, when I heard that ships had left the 
port of London for Africa, in which the deaths on a single 
voyage had been 80 per cent, (twelve out of fifteen having died, 
on an average, in many successive ships), I did not consider 
myself justified in limiting my suggestions merely to ordinary 
ventilation, but recommended that some attempt should be made 
to influence the state of the atmosphere to which the men might 
be exposed during the passage through the Delta. With this 
view, an instrument was devised, and materials procured, capa- 
ble of producing a marked effect on various impurities fre- 
quently associated with atmospheric air, and on such ingredients 
as were expected to be met with. 

832. This piece of apparatus was generally termed the Mc- 
dicator, and in it the air could be filtered from mechanical im- 
purities, influenced in its hygrometric condition, or charged with 
gaseous chemicals, capable of communicating a peculiar condi- 
tion to it, or of neutralizing the influence of different poisons 
which have been found in it. The medicator, therefore, was a 
^wer that could be applied in all situations where it might be 

ible to induce a special effect upon the air, as explained in 
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the subsequent para^aplis^ but it never was proposed, as some 
not connecte<l with the expedition appear to have imaginedj yiz. 
as a certain mitldots to an unknown eviL 

833. Few individuals, excepting those who have visited wanu 
"^climat^s, are ready to credit the great supply of air that is in- 
dispensable for health and comfort in sncli countries,~the all- 
subduing influence, to many constitutions, of sudden or extreme 
changes in the quality of the air that surrounds the person, by 
the subversion of the preyious balance that existed between the 
internal oi^ans and the surface of the body, — and the extent to 
which the mental faculties, as weU as the bodily strength, are 
often prostrated by such causes. Proceeding on the assumption 
that no supply of air that was likely to be provided by artificial 
means would exceed the wants of the system in the Niger Ex- 
pedition, tlie demand made in respect to the power of the ap- 
paratus was limited solely by the opportunities accorded for 
giving effect to the arrangements proposed, and when their extent 
became the subject of special remark, my reply, on board these 
ships, while they were still at Liverpool , waSj " that even if the 
whole ship were appropriated for ventilation alone, it would not 
he possible to guarantee a certain result, as the quality of atmo- 
^sphere at the Niger had never been made the subject of expcrimen- 
! examination, and still less the precise nature of the evil which 
"proved so fatal in former expeditions. It was therefore essential 
to have power ; hut the extent to which it ought to be used, and 
the various details to be insisted on under local circumstances, 
could only be determined upon the spot, 

834. In my remarks on the ventilation of the Niger steam- 
shipB, printed in the Friend of Africa, copies of which were 
placed in tlie hands of all the officers of the Expedition, I stated 

** It must be obrious, that it will be impossible to estimate 
precisely the extent to which such an apparatus may prove bene- 
ficial, until some specific information, as to the peculiar chemical 
qualities of the atmosphere of the Nigefj shall have been ob- 
tained," But so far as I can venture to form an opinion, I 
^ink Dr M' William's Report appears to justify me in *^aying, 

c c 
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thatj though the magnitude of the evil Wius sucli that it could 
not he oTorcomc, the mcdicator proved a useful medium in affect* 
ing the atmosphere of the ship with such materials as were in* 
troduced into it, and that there is reason to believej from the 
nature of the agents employed, that they must have lessened thf ' 
oppressive influence of that atmosphere. 

835. I have appended, in fuU, a copy of Dr M'William'a 
Report J and an extract from a letter from Captain W, Allen ; 
and I beg to refer those who may take an interest in this ques- 
tion, to the Report presented to Government by Captain Trotter, 
to Dr M'William*s Medical History of the Kiger Expedition, 
and to Dr Pritchett's account of the African Remittent Fever, 
for details as to the history of the ventilation, which the limits 
of this work do not permit me to quote. 

I may be permitted, however^ to make the following brief i 
marks in connection with the history of the ventilation, and th| 
application of the-medicator. 

836. When the mcdicator was recommended, there was an 
impression that the poisonous atmosphere might perhaps he 
passed through within a very limited period , and that^ if the ob- 
servations made on board the ships should lead to any discovery 
of its nature, then, should it hare been amenable to the action 
of any of the chemical or mechanical agents supplied in con- 
junction with the mcdicator^ the time would have occurre<l for 
steaming T^dth the greatest possible rapidity, for placing as many 
of the white crew under deck as the duties of tlie ship would per- 
mit, for giving no more air below deck than was imperiously de 
manded, and for charging that air with such materials as might' 
have been deemed advisable, and putting in action the full power 
of the medicator. '^o such circumstances, however, presented 
themselves, and the general use of the medicator was alone re- 
sorted to— all that could have been expected to be done under 
the circumstances. But while the air appeared salubrious be- 
yond expectation, the fever suddenly and unexpectedly mani- 
fested itself in all the vessels, as will be seen on reading the 
following extracts from l>r ^^"V^WWWiii ^wQick :— 
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'* September 2. — The erening was beautiful, and tbe effect of 
the Trhole ficeiie was that of general exhikratioOj with a feeling 
of thankfulness and gratitude that we had advanced thus far on 
oiir mission with the whole of the crews in the enjoyment of per- 
lect health." — Pa^e 69. 

*' Up to this time the expedition had been fortunate beyond 
411 expectation. The Delta had been passed, and we were en- 
tering the valley of the Niger under circumstances seemingly the 
most auspicious. The crews were in the best possible condition, 
and, with a general buoyancy of feeling, looked forward to the 
period when the ressels were to ascend the riyer ; while they 
contemplated^ with delight, the novel and diyeraified scenery of 
the high land before them. With such prospects, so fayonrable 
beyond all anticipation^ it is not to be wondered if we indulged 
a rather sanguine hope that the continuance of health woukl be 
granted to us, and that we should, under Proridencej thus be 
enabled to persevere in the great object of our mission. But 
it was otherwise ordained/ '^ — Page 73, 74, 

'* September 4* — Fever of a most malignant character broke 
out in the Albert, and almost simultaneously in the other yessels, 
and abated not until the whole expedition was completely para- 
lyzed/ *~Page 74, 

837* It may be proper for me to mention, that the fever at- 
tacked every one on board the Soudan, in which, from the nature 
of its construction, the medicator was of a smaller size, propor- 
tionally, than in the Albert and the Wilberforce ; at the same 
time, it must be remembered that, as many sick were transferred 
to it from the other ships, I do not wish to attach so much im- 
portance to this observation as it might otherwise merit. Otlier 
circumstances also, well known to the officers of the expedition, 
prevent-ed the atmospliere in the Soudan from being medicated 
to the same extent as that in the Albert and Wilberforce. 

838. DrPritchett recommended the removal of the medicator^ 
considering that, even if the chemical agents had been efficacious, 



404 VENTILATION OF THE NIGER STEAM-SHIPS. 

in their specific action on the malaria or miasm, they would hare 
been required in larger quantity below deck, and to hare acted 
also on deck, while he expresses an opinion that the African fer^ 
does not depend on the agency of any substance capable of being 
affected by the chemicals employed. This opinion I shall not 
attempt to controrert in the few obserrations I can devote to the 
subject of this chapter. I certainly take a different view of the 
question, which has been strongly confirmed by an obserration 
made to me by some of the officers of the expedition, viz. that 
the stench from the wood on deck was often so insupportable 
that they often went below for the purpose of aroiding it. Ex- 
periments on myself hare assured me, that, in extreme cases, it 
is the lesser eril to submit to a small supply of air free from 
certain poisonous ingredients, than to be accommodated with a 
larger quantity, though it contain only minute quantities of 
the noxious ingredient. In one experiment, I was for one hour 
and serenteen minutes in a box no longer than myself, no 
broader than my shoulders, and no deeper than my chest, all 
external atmosphere being hermetically excluded ; and from what 
I obserred then, many arguments appear to me to support the 
view of the medicator taken by Dr M*William, more especially 
on examining the results he has mentioned in the various elabo- 
rate reports he has made on the subject. 

839. I embrace this opportunity of expressing my acknow- 
ledgments to Captain H. D. Trotter, in communication with 
whom I was placed by the African Society, and also to Captain 
William Allen, Captain Fishbourne, Dr Pritchett, and the offi- 
cers of the expedition generally, for the assistance which I re- 
ceived in the application of my plans. To Dr M' William, with 
whom I was more particularly placed in communication, I have 
to express my obligations from the period when the ventilating 
arrangements were commenced, and particularly for the reports 
and observations which he continued, even in the midst of the 
arduous duties that engaged his attention, when the command of 
the Albert devolved upon him from the overwhelming sickness 
with which he was surrounded. 
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840. 1 liaye also to notice, tbat the progress made by lb Laird 
with the materials fw the iitm ships ct the Niger Expedition, 
having prerented themfirom being constmctedinnnisonwiththe 
plans that wonld otherwise hare been adopted, the rentilating 
arrangements had to be greatly modified in all their details. 
With the assistance of Mr Crenze of the Portsmouth Dockyard, 
the rentilation was arranged in the form which it ultimately as- 
sumed. 

841. Fig. 268, page 368, gires a section which illustrates 
the action of the Tentilating apparatus <^ the Niger steam-ships 
by the racuum morement. Hg. 299 shews the operation of the 
plenum morement ; B the purificator on deck, receiying air from 
the windsail attached to it ; DC tubes conveying air from the 
purificator to the fanner, which was put in action by the apparatus 
(and worked by Eroomen, when the steam was not in operation, 
and the force of the stream not sufficient) ; H H H H H the 
forecastle ; 6 6 6 6 G midshipmen's section, illustrating the en- 
trance of the air without diffusion ; E E E E the gun-room and 
adjoining compartments, the air diffused, as it enters, by perfo- 
rated zinc, bunting, or other porous materials ; L the captain's 
cabin ; M M, &c., the gunwale tubes, through which the vitiated 
air was expelled in this case ; N N N N the iron bulkheads, 
dividing the ship into five different compartments. 

The following figures illustrate generally the mode of purify- 
ing and medicating air : — 

Fig. 300. A the mouth of the windsail elevated as high as 
possible, or depressed according to circumstances ; B the con- 
tinuation of the windsail ; C place for the deposition of impuri- 
ties ; D the filter ; G chemicals for absorbing moisture ; H 1 1 1 
K shelves for chemicals and additional filters. 

Fig. 301. An arrangement similar to Fig. 300, different 
materials 4)eing employed at G. 

Figs. 302 and 303. Further illustrations of the mode of 
purifying air, by washing with lime-water or other substances, 
and filtering tlirough various porous mixtm^es contained in dif- 
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ferent compartments ; S indicates the progress of the purified 
air from the medicator. 



Pig, SOS 




Fig. 304. B the windsail deliyering air when the extreme 
action of powerAil agents might be necessary, into a wooden box 




with two compartments, before it passed by B B to the medica- 
tor, these being applied in the first compartment, and any ex- 
cess absorbed in the others ; the medicator can be supplied at 
the same time with additional materials and filters. 

Again, as a general principle, it may be well to remember, 
that, in each compartment the ventilating apparatus gave power 
to induce a movement from below upwards, or from above down- 
wards, according to the arrangement of the valves, and that, 
whether the air be medicated or not, every care was taken to 
guard against local currents during the hours of sleep. If 
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the annexed figure (305) be considered as representing any 
cabin or section of the ships, then it is obyious that if E be an 

Fig. 805. 
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aperture for the ingress of air, and I another for its discharge, 
by opening yalyes at A D, and shutting B C, a moyement from 
above downwards will be induced as the arrows indicate. But 
if B and C begopened, and yalyes at A and D be shut, then the 
moyement through the chamber will be from below upwards. 
Whether the air enter aboye or below, diffusion ought always 
to be a principal object of attention; and though it maybe 
impossible to adapt this to the extent represented, still it 
ought always to be introduced as extensiyely as circumstances 
permit. 



Dr M* William's Report. 

On the Ventilation. — " The power of the fanners to re- 
novate the air in the compartments below, was abundantly proved 
during the passage from England to the coast. 

By reducing the diameter of the drum, connected with the 
axis of the blade-wheel within the fanner, upwards of two hun- 
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i sixty i^Totiitlcms cxftold be |>crformed in a minute, whm 
tile Temel waa at Ml fipeed. Then a currDnt of fresh atino- 
fiphefic air, was consUntly being pro|>elled below, capable, by 
pn^ter adjustment of the Talros, of baring its power concen- 
tratetl on one compartment, or eren on one cabin of the eliip. 
l\Tieii we were at St Vincent, in the Cape de Verds Islands, the 
vhole of the c<»npartmeiit£ were in Buccession cleared^ and tho- 
ronghly cleaned. The process of drjing tlie hold Tvas much 
accelerated J by throwing the whole force of the plennm impulse 
excluBirely into one dirision at a time. Under ordinary cir- 
GQitistances^ the Tacnnm impulse^ or exhaustion &om below, was 
sufficient for the purpose of rentilation. ^m 

The Medicator or Ptrifyixo Chamber. — In reporting ^B 
upon the use of the medicator, I shall confine myself to the re- 
sults of the experiments made on board H. M. Ship Albert, 
while in the Niger. These ejq)erinients were rather limited, 
from circumstances that could not be controlled ; they were, in 
tny opinion, howcrer, quite sufficient to establish the medicator 
as a most useful, elegant, and economical medium^ for submit- 
ting the external air to the action of chemical and other agents, 
whether with the riew of absorbing carbonic acid and other 
deleterious substances from it as by lime ; of chemically de- 
composing it under certain circumstances ; of impregnation as 
by chlorine ; or of altering its hygrometrical condition by sub- 
stances capable of absorbing moisture from the atmosphere, or of 
imparting humidity to it. 

The Albert entered the main branch of the Niger on the 
morning of the 12th August 1841, and anchored within the Bar 
for seTeral days. It was not here considered necessary to open 
the lime-tanks, or to employ any other substance for the purifi- 
cation of the air, from the extreme fineness of the weather, the 
dry state of the atmosphere, the strong searbreeze, the absence 
of any breeze from the shore^ and the height of the river ren- 
dering emanations from its banks less likely. The number of 
revolutions obtained by disconnecting the paddles from the en- 
gineB, and altering them to be turned by the action of the steam, 
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was sufficient to gire from 48 to 70 turns of 'the fanner per 
minute. The ralves were adapted to the vacuum impuke, until 
the afternoon of the 10th, when we ascended the rirer* 

The medicator was now arranged as follows : — The windsails 
were hoisted, and attached to the lower lateral openings, which 
were corered with fine hunting. A filter of the same material 
was stretched across the upper tier^ wHch is usually occupied 
hy trays. Thus the air underwent filtration hefore it came in 
contact with tlie substances in the trays, and after it had been 
guhjccted to their action^ chlorine was eyolved ft'om the lower 
compartment of the medicator^ by disenga^ug it from the chloride 
of Umo by means of sulphuric acid. On the second tier above 
this, about three hundred- weight of fresh lime (wliich was found 
in excellent condition) was placed. We anchored the first night 
at the top of Lewis' CreeJE, which is densely wooded all round. 
The mangrove abounds. The distance from the sea is about five 
miles. The sea-breeze was atill felt* 

The atmosphere between decks was not only impregnated with 
cblome, but, as I shall have evidence to shew, it was felt to be 

ler, and proved to be so by actual hygrometrical ohservation. 

Friday, Aug, 20» — Plenum impulse all day ; clilorine eyolved 
from the lower division of the medicator. The third tier was 
filled with fresh bui*nt lime, and above this, in the next range, 
about ten pounds of the chloride of calcium. Anchored near a 
small village ; we were about 150 yards from the banks on each 
sidOj which were densely wooded* 



Auauit 20. 11 pjf. 




Dtj Butb, 


Wat Bulb. 


Diff«r«iiM. 


On the Upper- Deckj . . . 
In the Unpiam'd Onbiiii , . 
Gun Boom, *..,., 
Lower- Dttckt 


78.0 
830 

845 1 


77:5 
83.0 
82.0 
84.5 


76!0 
IBS 
78,0 
8L0 


2.I5 

as 

4.0 

3JJ 


AiraciT 31. 1 A*u» 

On the UppepDeck* ♦ , . 
In th^ Captain^fl Cabin ^ « . 
Gun-Roomi ,,,,,. 
Lower- Deck, ,*.... 


TTto 
80.5 

82,0 


80.0 
80.0 
82.0 


75^0 
76.4 
76,1 

7a6 


a0 
a§ 
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Aug. 21. — Plenum raorement, with eTolution of chlorine 
during the day. In the evening, anchored below (to avoid a 
svamp) a Tillage on right hank, called '* Keambli." 



St;MD4T, Atro. J3. 2 a.h. 




Dry Bulb. 


Wet Bidb. 


]>iffercnc«< 


On Upper Deck, , . , , . 
Captain's Cabin (no lights), . 
Omi'Hoom do* 
Mid/s Berth do. 


78.0 
Bl.5 

83.0 


7i.O 
81j0 

83.0 


7#0 
77.0 
78j0 

79^ 


2" 1 
4 

3.5 



Monday, Aug, 23. — Evolution of chlorine in minute quantity; 
chloride of calcium and dry lime on the trays. Anchored at 
9 P,M, in the middle of the river, about 200 yards distant fromj 
the banks. Kesults as before. 

Aug. 24. — ^The same» 

Aug, 23* — ^Chlorine evolved ; dry lime inmedicator; chloride^ 
of calcium being liquefied was removed. 



AlTOUST 35. 9 A,M* 


ThermDmeter^ 


Prj Bulb- 


Wet Bulb. 


Difference* 


On Upper-Deek* * * . . . 
Captain's Cabin, . » i - 
Itovrcr-Deck, ,..,,, 
Gun-Roomfff ...... 


7i5 
79,0 
84.0 
S1.0 


7^0 
79.0 
84.0 
81-0 


7^0 
76.0 
SIjO 
77.5 


2h 
3.0 

ao 
as 



At 12.30 P.M. the filters at the lower lateral openings were 
removed, and found covered with dustj which, examined through 
the microscope, was found to consist of small vegetable fibres, par- 
ticles of black matter, fibres from cloth, portions of grass, woody , 
fibre, &c. \ 

3 P,M. — During a heavy shower of rain, when off the village 
ImbiQamma, the hygrometer indicated as follows* The cabin 
and gun-room were, at the period of the experiment, nearly 
wholly supplied with air, which had passed through the medicator, 
the port- windows being shut te exclude the rain. 
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AnQcrsT S&. RcTolutkns of 
Funner with Steam ^ b8. 


TheriDfnDeter. ' 


Drj Bulb. 


Wet Bulb, 


Differ?n<?<i. 


Orj the Upper-Deokp , . - 
Captain's Cfibin, ..... 

Gun-RoDHK <. * 


7ao 

82.5 


78!0 1 
82^ 


78.0 

7ao 


2,0 
4,0 
4.0 


STl&LIHd ISLAHB. P.M. 

On the Upper-Deokj . . . 
Captain 'flCabiiij , - . » . 
GuQ-RoQin, ,..,,> i 


78-0 
82.5 
8@^ 


82.5 

82^ 


78.0 
78.0 


2-^ 
3,5 
^.5 



On otir arriyal at Aboh^ on the 26tli, the same mode was 

adopted, and the effects were iiilly as clear as in the former ex- 

periments. Tlie fanner was kept going night and day, until we 

reached Egga, when the engineers being all sick, we had no one 

to discoimect them from the engine. On onr retnrn down the 

^rer, and from thence to Fernando Po and Ascension, the ex- 

iausting impulse wa^ pnt on; it was sufficient when. the ship 

ras out of tlie river. 

As regards the snpply of medicated air between decks, I 
should say that it is sufficient for respiration in the captain^s 
cabin, and gun-room , when there are comparatively few indiyi- 
dnals* On the lower deck, however, whore, in proportion to the 
space, there are so many people at nighty constantly rendering 
the air there unfit for the purpose of respiration^ the quantity 
of medicated air, transmitted through the tubes^ was inadequate 
to the demand. Tlie closure of the hatches of the lower deck 
could not, therefore, be tolerated ; in fact, the heat was so op- 
pressive at Egga, that we were obliged to allow some of the men 

sleep on deck. 

The air on the lower deck, from the cause above mentioned, 
|ways contained a proportion of the common atmosphere, which 
may or may not have been prejudicial. At all events, we have 
every right to presume, from the acknowledged powers and pro- 
perties of the chemical agents used, that an atmosphere^ if 
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vitiated, cannot fail to be materially improyed by any admixture 
of air which has been subjected to their action. 

(Signed) J. 0. M* William, M.D. 

Senior Surgeon, Niger EapediHon, 
H.M.S. Albert, Ascensioit, 
April 1842." 

Extract from letter of Captain William Allen, of H.M.S. 
Wilberforce, dated Teneriffe, 28th May 1841 : — 

" We have made the second stage of our voyage as prosper- 
ously as the first. 

" The ventilation answers very well. While all the men 
were in their hammocks, and the night very warm, I found the 
air perfectly pure and cool. I have no doubt but that some im- 
portant results will be obtained from the experiments we are 
making, and I hope that the system will be generally adopted. 
I would give you details of the experiments, but they have not 
hitherto been so ftdl as I wish, and I believe Dr M' William has 
given you his observations." 
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CHAPTER IV, 



SLAYE-SHIPS. 



842, TTie following figures shew the position of slaves in the 
more crowded sljiye-ahipa. The accompanying extracts are 
from Sir Powell Buxton^s Report : — 
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843. It might be expedient for resaels sent to capture slavers 
to be provided with a portable ventilator, which might prove 
useful in removing the atmosphere before the jailors enter below 
deck, when it is in an extreme condition^ and ako when they 
may have to be conveyed for a considerable distance before they 
reach the shore. 

" In these ships the negroes are stowed between the decks, 
which are seldom more than two or three feet, and sometimes 
not more than eighteen inches in height. 

" In this condition, men, women, and childreOj perfectly 
naked, and^ in many cases, the women either in a state of preg- 
nancy or carrying their children of from four to twelve months 
old, are conveyed to their wretched holds* In these dungeons 
of misery, they are packed together so close, that^ in some in- 
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*• Thil ifioit vivid idea of thia partictitar may be gathored 
from tlio iiiajincr in wliirrU those who hare witnessed the scene 
ilcwjnln) it* Thoy tdl u», that the negroes are packed so close, 
thai it in hnimmhh to uiove without treading upon them ; that 
in one eiw*o^ one huntli^ed and thirty-two occupied a space 
111 wliirh fhero wriM not rofwn for more than tliirty at Ml 
li^iigth ; tluit they are stowed literally in hulk ; that they are 
|raf*k(Hl like balen of gomk ; that they are packed like herrings 
In a liarreh Tlw Mullerings arising from thia source it is im- 
jioimitde to describe, nor can the mortality it occasions he com- 
piited. 

'» Ntir in thif* idL The misery originated by these circum- 
iiwori*n in ftiir fully a^'gravated hy the small quantity of air which 
(^ibH piifiwibty i^vi ti^ thi^ uegro-roonis. Most of the ships are in- 
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deed proTided with air-ports. But if the soa is roughs or the 
rains he-ayy, these, and every other avenue by which air is ad- 
mitted, raiiBt be clof?erl ; and the fresh air bcin^ excbided, the 
Blaye-holds become intolerably hot, and a dreadful amount of 
wretchedness ensues* 

'* By these combined causes, numerous diseases are engendered. 
The confined air, rendered nosiious by the elHuvise exhaled from 
the bodies of these unhappy beings, being repeatedly breathed, 
soon produces tevers and fluxes, wliich carry off great numbers. 
Sometimes two-tliirds perish. In one instance, fifty-fi?e were 
earned off in seyeuteen day^ ; and, in another ease, out of a 
cargo of seven hundred, three hundi*ed and fifty were lost before 
they reached the place of their destination. The smallpox 
often breaks out, and is fatal to multitudes. Six hundred, in 
one vessel, hare been destroyed by it ; and, on another occasion, 
a ship which left the shores of Africa with four hundred and 
thirty-eight slaveSj rea^ched its destined port with only seventy. 
They fell by this disease. The measles sometimes makes a fear- 
ful havoc amongst the unfortunate negroes. One case is recorded 
in which two hundi'ed and fifty-three were victims to it. 

" The hold of a slave-ship presents a spectacle of disgusting 
wretchedness and piteous woo, which cannot be equalled, and 
completely beggars description. It is often filled with masses 
of living corruption J and you may sometimes see women in all 
the pangs and throes of labour bringing forth children, with men 
dying at their side^ and not unfrcquently living men chained to 
those M^ho are dead, the latter often being in a putrid state. 
Such is the stench which these circumstances of horror combine 
to produce, that it is hardly possible to bear it for a single mo- 
ment. WeU did Wilherforce observe, — -^ That never can so 
much misery be found condensed into so smaJl a space, as in a 
ilave-ship during the middle passage.' 

*' But this is not all. The water and provisions of the slaves 
arc kept under them. With the latter they ai'e most scantily 
supplied, and from the want of the former, they suffer more than 
from almost any other source. Such, indeed, are their suffer- 



418 



SLAVB-SHlPfi, 



ings fh*m thirst, that, in one instance, Dr Walsh narrates a 

vessel \mng captured, and the slaves being brought on deck, 
and water being presented to th^^m, they all rushed like maniacs 
towards it. No entreaties, or threats, or blows ^ could restrain 
them* Tliey shrieked, and struggled, and fought with one an- 
other for a drop of the precious liquid, as if they grew rabid at 
the sight of it* 

** The negroes, in a state of desperation, not unfrequently 
destroy themselyos* When they are brought on deck for fi^li 
air^ knowing that they ai'e doomed to return to the place of their 
former miiserios, they often, locked in each otlicr's anns, leap 
into the sea, and seek, in the embrace of death, the tenninatioa 
of their woes. So customary is this, that slaye-ships are ge- 
nerally secured by netting all round the decks. But the sui- 
cides beai' no comparison, in point of numbers, with the murders^^i 
It is computed that no fewer than three thousand stares are aa^H 
nuatly thrown overboai*d. If the captain of the vessel appre-^ 
henda that his supply of water will not hold out till the end of 
the voyage, he meets his difficulty by devoting to the waves the 
surplus of liis wretched cargo of human beings, retaining ouly 
those lor whom he calculates that he has a suificieucy. On one 
occasion, on this account, one hundred and thirty-two were di 
stroyed." 



PART VII. 

BRIEF REMARKS ON THE VENTILATION 

OF MINES. 



844. In the mines which I have visited, the same great and 
leading defect was generally obseryed, that is usually noticed in 
public buildings and private dwelling-houses, viz. a deficiency 
in the quantity of air supplied. In mines, however, the great 
comparative diflBiculties that are presented in obtaining the neces- 
sary channels for the ingress and egress of air, necessarily pre- 
sent more extreme cases of deterioration in the quality of the air, 
than are usually met with in ordinary buildings. Till this pri- 
mary evil be rectified, in respect to the amount of supply, no sa- 
tisfactory results can be anticipated, although the principles may 
be accurate on which the ventilation is founded. Different mines 
have been named to me, in which the amount of supply was said to 
have been very great, but in none that I have as yet visited was 
the ventilation maintained so powerfully in action as it is daily 
at the House of Commons in sultry and oppressive weather. Im- 
proved lamps may enable the miner to penetrate into a danger- 
ous atmosphere with less risk of accident ; but this is never con- 
tinued for any length of time, without permanent injury to the 
health from the continued respiration of vitiated air; and it may 
challenge investigation whether the injury arising from this source 
has not greatly exceeded the bad effects that have arisen from 



420 



INADEQUATE SUPPLY OF AIR IN MINES. 



explosions in coal-mines, and all other accidents whatsoeyer, as 
its slow and gradual operation insidiously undermines the consti- 
tution, and abridges the term of human life, though its influence 
has not drawn that marked attention to its operation, which its 
ultimate effects demand. 

845. A sufficient amount of supply haying been secured by 
the operation of a draught determined by heat, by steam, by ma- 
chinery, or by the conjoined use of any or all of the agents used 
for ordinary yentilation, as local circumstances may indicate; the 
next point that requires attention is the distribution of the air, 
so as to render the amount supplied as effectiye in its operation 
as possible. The accompanying fig. 309, illustrates the arrange- 
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monts adopted in coal-mines, one of the circles indicating a shaft 
which supplies the mines, the air proceeding through the mine as 
the arrows explain, and passing ultimately to the second shaft, 
from which it escapes into the external atmosphere. The first 
•Haft is termed the Downcast Shaft, as air proceeds downwards 
^ it to the workings of the mine. The second shaft is 
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called the Upcast Shaft, as the yitiated air ascends through 
it to the open air ; and it is in it that the column of warm air is 
usually produced, on which the yentilation of the mine depends, 
a large fire being sustained below for this purpose, at a little dis- 
tance from the bottom of the shaft. 

846. In many pits, instead of two or more shafts, one only 
is used, a division or partition in the centre, allowing one-half to 
be used as a downcast shaft, and the other half as an upcast 
shaft. The annexed fig. 310, shows a plan of yentilation of a 
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mine haying only one shaft, the air supplying the mine descend- 
ing by a, and the yitiated air escaping by h. The descending 
air at a may be directed solely through the workings of the mine, 
or part of it may, at times, be sent through the great communi- 
cating passage on the right, by leaving small apertures in the 
doors. Fig. 311, is a section shewing the descending and 
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ascending divisions of the shaft, the fire-place d, and a branch 
air-drain c, communicating with the upcast or ascending half of 



Fig. 811. 
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the shaft. It is scarcely necessary to remark, that unless the 
partition be made and preserved air-tight, and the discharged air 
be separated carefully from that which enters, part of the vitiated 
air in the upcast shaft must always be returning into the down- 
cast shaft, and excluding a portion of fresh air, which would other- 
wise enter. 

847. Communications with the upcast shaft, such as e, are 
not made solely with the view of carrying off vitiated air from 
any superior level where mining operations may be carried on, 
but also with the view of discharging even from the lower level, 
inflammable products not suificiently diluted with air, and, there- 
fore, too dangerous to admit of their being conveyed across the 
furnace below, from their liability to take fire and explode. By 
allowing them to enter the upcast shaft at a greater or less alti- 
tude above the fire, as may be necessary, the risk of explosion 
n this source is greatly diminished, or entirely averted. The 
^OBsage c, is usually termed a dumb passage or shaft. 
•e miner does not work in general in the great air- 
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eourse, but rather in excaTations connected with itj where a se- 
condarj current, brandling off from the leading channels, sup- 
plies him, merging a^ain with increased impurities into the 
general current. Hence, the air which he breathes may he much 
worse than the arerage quality of that which passes through the 
mine. 

849- Again, in some mines, the air travels ten, twenty, thirty, 
or even a greater number of miles, in traversing the whole mine, 
so that it is impossible to prevent the last portions of the mine 
receiving air largely contaminated with offensive products added 
to it in its progress. Shorter Air Courses, therefore, which 
have been strongly recommended of late^ form indispensable re- 
quisites in many mines where the air is of inferior quality. 
Were there a central up-cast shaft for the discharge of vitiated 
air, and fresh air supplied from lea<ling air-courses surrounding 
the workings of the mine, the great ventilating channels passing 
from these (which might be represented by the circumference of 
a wheel) to this central discharge, by direct branches radiating 
to a common centre (like the spokes of the wheel), then the pure 
air given would act much more equally. The first part of the 
air-courses would not be subjected to such a powerful current of 
air fi*om the down-cast shafts and the last portions would be con- 
taminated solely with the sdr from their own district, instead of 
being as foul as that in the up-cast shaft. Such a mode should 
be approximated in practice, as far as circumstances permit, or 
the long air-coui^ge should be broken into shorter air-courses, 
each being provided with its down-cast and up-cast shaft. End- 
less varieties of arrangemeutii occur in practice, and may be 
adapted to the peculiar circumstances of each individual mine. 

850* In aU large mi neSj numerous doors are placed to enable 
men and materials to pass from one part of the mine to another, 
without being compelled to follow tlie cireuitons air-courses 
though which the air is directed. Should any of these doors not 
be carefully shut hy the boys attending in the mine for this pur- 
pofie, the whole system of ventilation may be rendered useless ; 
the air may take the shorter course through the cross passages. 
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in the same mannei- as the xucu, and large portions may be left 
ill comijlete utagnutiQu, the fire damp accumulating in &ome 
cafiea till an explogivo mixture is formed, wUeli fires when it I 
conies in contajct with the ilame of the furnaccj when the general 
ventilation h restored by shutting the doors of the conimnnicat' , 
ing paiisage^s, \ 

861 . The precise analysis of air in different parts of mines, from 
time to time, so as to ascertain the quantity of carbonic acid in the 
atmosphere respired by the miners and of any otiier local impu- , 
rity, such as the nature of eiwjh mine may render it liable to,^ 
appeal's to bo one of the most important objects to which those 
entrusted with their management can direct their attention. The 
long time tliat the common candle continues to bum in mauy 
places m mines where the workmen arc occupied, is a familiar 
fact, which proclaims in language not to be misuiiderstoodj tl»| 
inferior quality of the air which he breathes. Accordingly, wep 
nothing further done, the amount of carbonic acid ought alwayi 
to bo reported daily, wherever the ventilation is not on a proper 
system either as to quantity or quality, and still more in coal-mines 
and other places where the miner is subject occasionally to ema- 
nations of tliis gas from the strata in wliich he works, or from^ 
slow combust ion^ and beyond what he is subjected to from 
own respiration and from the combustion of lamps and candles. 
The carbonoraeter, explained in Part L, might be employed advan- 
tagoously, at all times, in the upcast shtift of coal mines, making 
allowance for the products added by the Tentilating fire ; or 
might be placed below in the mine to the windward of the fir 
so that its indications should not be complicated with the pi*o^ 
ducts of combustion from this source* But though this would be 
an important step in giving information as to the general state 
of the atmosphere of the mine, it ought also to be accompanied > 
from time to time, mth local examinations of the actual state of 
the air at the spot where the miner worksj otherwise it can never 
he considered satisfactory. Means also should be adopted, in 
extreme cases, for obstructing occasionally, for a sliort period, 
the usual progress of tU^ Wa^n^ air course, as it pass 
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noxious secondary air-course or side branch, on which it 
may exert only a trifling influence, and for pennittiug it to he 
directed fully through itj so as to renew entirely the air that 
may haye been st abating in it» This would proYe no interrup- 
tion to the general progi^ess of the ventilation, and, if continued 
only for a minute, would still be accompanied, in many caaeSj 
with the most heneficial results. 

852, It will bo noticed, that all the resources of ventilation 
may ho applied to mines, as they are ventilated on the same prin- 
cipleB as other places. Machinery and heat, hy fire and by steam, 
haye all engaged attention as moving powers for determining a 
current of air. In coal-pita, where the gi'eatest proportional 
amount of ventilation is usually required, large furnaces have 
I long been in am for determiniug an ascending cuiTent of air, 
^■fre&h air entering to supply the place of the ritiated air which 
^His discharged. 

^" 863. In general, salt-mines present the coolest and most 
^ agreeable atmosphere ; but in coal-mines the air is most fre- 
^■■<iuently observed in a state of great impurity. Some of the salt- 
^^ mines at J^ortlnnch, in Cheshire, for example, present large and 
capacious galleries ; the floor is covered with powdered salt, 
which looks like sea-sand, and high roofs are supported by pil- 
lars about eighteen feet square. Neither the material, nor the 
mode of working, communicates so large an amount of impurities 
to the air as in coal-mines, where carbureted hydrogen, carbonic 
I acid, and the products of respiration from great numbers of 
^H horses as well as men, and the more extensive use of giinpow- 
^^ der, all contribute to deteriorate the air. These causes tend to 
render the etfective ventilation of coal-mines more important and 
imperative than that of most other mines, the accidents that 
arise from them being much more disastrous in general than 
those that take jdace in other places. 

854, In coal mines the amount of ventilation demanded is 
exceedingly various, according to the ejctent of the pit, the mode 
in which the workings are caiTied ou, and the nattn-e of the coah 
In such mines enormous reservoirs of condensed inflammahle ga^ 
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are occasionally tapped, when their contents are discharged with 
extreme rapidity, producing an atmosphere so dangerous, that 
no security can be expected in the mine, if safety lamps are not 
in use. In some cases the gas is speedily discharged ; in others 
it continues to bum for years, when a communication is made 
between the magazine and the external air by an iron pipe, 
through which the gas is conveyed to the external air before it 
is inflamed. Such streams of inflammable gas are usually called 
Blowers. 

855. While all pits are subject to the influence of ritiated 
air arising from respiration, and from the combustion of lamps 
and candles, some coal-pits are so largely charged with carburet- 
ted hydrogen, that unless it be removed, and diluted by a large 
quantity of air as it escapes, dangerous explosions ensue, and 
these have sometimes been accompanied by the deaths of upwards 
of a hundred persons. In such cases, the miners, if not scorched 
and killed by the explosion, are often suffocated by the products 
of combustion, which return upon them when the force of the 
explosion has passed away. 

856. The introduction of Sir Humphrey Davy's lamp, and 
his brilliant discoveries on the nature and properties of flame, 
constituted a new era in the history of coal mines, from the ex- 
tent to which it has led the miner into fields of coal that would 
have otherwise been inaccessible. The value of the discovery 
has been greatly lessened in a practical point of view by the 
comparative omission of that more extended ventilation, which, 
unfortunately, did not accompany its introduction, and which 
was imperiously demanded by the more impure atmosphere in 
which the miner too often entered, losing sight too much of the 
influence of the air he respired upon his general health. It is 
not meant that ventilation was entirely neglected ; on the con- 
trary, this difficult and complex question has received a daily 
increasing attention from practical miners, and men engaged 
exclusively in scientific pursuits. But it is obvious that, amidst 

'le interest and enthusiasm justly accompanying the introduc- 

the safety-lamp, a proportionate amount of attention was 

D to those meang ot* sus^tamiw^ freedom from danger by 
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% more perfect ventilation, and consequent dilution of offensive 
and explosive atmosplieres, which must always form the great 
aim and object of those to whom the health and safety of the 
miner is entrusted. The miner should not be called upon to 
work in an atraof?phere in which the amount of impurity exceeds 
some ibted and definite standard ; the Davy lamp should not be 
used to enable the miner to be placed in situations where, though 
protected from momentary danger, he is necessarily enveloped in 
air whose extremely inferior quality undermines his liealtlL Its 
legitimate use is to ^ard him ag-ainst the risk of accident, and 
not to allow him to be placed under circumstances against which 
no constitution can be expected long to strive. 

I have been led to make these observations from the convic- 
tion which has been daily strengthened for many years past, that 
the evils of the present iueftective supplies of air in many mines 
are not fully appreciated, and that any inquiry into the health, 
strength^ and length of life of a large number of miners who work 
in ill ventilated coal-pitSj will bear out the view which I have ex- 
pressed. With respect to the Davy lamp itself, which I have 
tried in every situation in the most explosive mines, I may state 
that I concur with those who consider that it should be materially 
altered. Placed in a current, especially when the miner is pro- 
ceeding in an opposite direction, I have seen it again and again 
blown out ; and the force with which the flame may be directed 
upon the side, or a spark carried through the meshes^ especially 
if any coal-dust shall have rested on themj may be considered 
justly as very possible causes of occasional explosion* On the 
whole, I may add, that the last modification of the lamp intro- 
duced by Dr Clanny, who bad the merit of constructing a lamp 
with which the miners entered safely into explosive atmospheres, 
before any other person in this country had directed any atten- 
tion to this question^ and in which he has availed himself of the 
use of the wire-gauze introduced by Davy, is the most important 
I have hitherto seen, Dr Claony preserves the flame upright at 
all times by a strong cylinder of glass, which enables the flame 
to give more light than what can be obtained from tlie safety- 
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lamp ; it is defended by a gaard, and I haye plunged it in water 
without firacture, after using it for an hour in one of the deepest 
mines in this country ; it was not blown out nor affected by a 
current that rendered the Dayy lamp comparatively useless as a 
source of light ; the wire-gauze aboye gave it ample protection 
from fire-damp, and caused, from the mode in which the fresh 
air descends, and the yitiated air escapes, a yery singular and 
interesting series of currents within the lamp itself, well worthy 
of the most minute and serious investigation as a question of 
general interest, independent of their local bearings on this par- 
ticular lamp. I must add, however, that I concur with those 
who consider that the glass cylinder should be replaced by a 
double cylinder of mica, the interior being placed one-eighth to 
one-fourth of an inch within the outer cylinder. In the Mueseler 
lamp, which has been strongly recommended in Belgium, the 
principle is introduced wliich forms one of the principal pecu- 
liarities in Dr Clanny's improved lamp, the air that supports the 
combustion of the flame descending to it, instead of rising up- 
wards in the usual manner. 

857. The necessity of preparing and preserving proper maps 
and records of the workings of mines has recently received much 
more attention than formerly, though still far below that which 
the necessities of the case demand. Mr Sopwith's earnest and 
untiring zeal in the recommendation of this question to public 
consideration, cannot fail to assist greatly in forwarding this im- 
portant cause, so essential to the proper and economical manage- 
ment of mines, and to the application of the best means for 
effective ventilation, independently of the security it presents 
against accidents. 

The reader who is more especially interested in local mines is 
referred to the report of the Committee of the House of Commons 
on accidents in Mines, and to a subsequent report of the South 
Shields' Committee on the same subject, with which Mr Mather's 
name is more particularly associated, whose important and com- 
prehensive view of the question, and very valuable suggestions, 
^eaerve the highest consideration. 
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Fig. 312 giyes a connected view of the ingress and egress of 
air, such as has formed the basis of arrangement in many public 
buildings, where the infusion of a mild and equal atmosphere into 
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halls, corridors, and lobbies, gave the supply required for indivi- 
dual apartments. A central boiler gives heat to the water in 
the pipes connected with it to the apparatus in which it is ex- 
panded — and to the pipes returning the water to the boiler. 
The fresh air enters below at either end. In each floor, the 
warm fresh air enters below, the vitiated air escapes above into 
a central shaft. 

Fig. 313 shews the same system applied directly to individual 
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apartmentg, the tlresh air being taken, not from ccnridors and 
pa8sage8, but from a common chamber below. In this case, the 
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fresh air descends from a higher altitude to the chamber of sup- 
ply, a course which is constantly resorted to where yitiated air 
predominates at the surface of the ground. A central boiler 
supplies warm-water pipes placed in the basement. Air from 
drains escapes directly into the vitiated air-shaft above. 

Fig. 314 represents a similar arrangement, and the termina- 
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tion of individual flues, A h, in a common viated air-chamber in 
the roof 

Fig. 315 shews the mode of connecting a descending shaft 
with the flue in the roof, where sufiicient altitude cannot be ob- 
tained there for determining the velocity required in the dis- 
^wging current. In all cases where flues are combined in the 
r represented in any of the four preceding figures, the 
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air-channels both for the ingress and egress of air should be 
ample, otherwise they cannot be used freely. 
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Fig. 316 shews where the dotted ground appears, abed efg h , 
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the amount of diffusion which can be given in many churches, 
where the aisles are not occupied by free seats ; m m vestry and 
heating rooms ; 1 1 passages ; z z fresh air shafts. 

Figs. 317, 318, 319, 320, and 321, represent some of the 

Fig. 819. 
Fig. 818. 
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endless yarieties of forms that hare been long used to prevent 
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the influences €£ the external air from producing down-draughts 
in chimneys. It is scarcely necessary to remark, that, howerear 
important it may be to protect chimneys from the wind or local 
eddies, all such arrangements tend to obstruct the natural dis- 
charge of the yitiated air in calm weather, and that no external 
arrangement can prerent smoke, unless worked by power, me- 
chanical or calorific, where there is a defective supply of air with- 
in to support the current in the chinmey. The blow-pipe cowl 
(318) is very useful, where there is equal and continued wind; 



Fig. 830. 



Fig. 831. 





but in the last case referred to, the atmosphere being calm, it 
would rather retard than accelerate the discharge of air from 
within. In the same manner, all machinery placed in a chimney 
or air-flue, if not worked by power so as to command greater 
velocity than that with which the current ascends, retards, and 
opposes, instead of promoting the discharge. 



Note on Grave-yards. (Text, p. 52.) 

Deaths have, indeed, occurred occasionally in some church- 
yards from this cause ; and in a series of experiments made 
in one of the grave-yards of Manchester, where deep graves 
are made, each capable of receiving from twenty to thirty 
bodies, I found in general, that a grave covered with boards at 
night, was more or lesB YoaAefli m^\v ^.^cViowva ^\d In the mom- 



APPENDIX. 

ing, and thai it was essential, accordingly, to ventilate these 
graye-pitSj before it was Bate to descond, Thia was effected, 
on some occasions 3 by means of a small cbanfftir placed at the 
top and at one end of the grayes, a tube or hose being led down 
firom it to the bottom of the gra?e. The fire was sustained 
by the admission of a small portion of fresh air at the top^ and 
the air from the bottom of the grave w^tis gradnally remorcd as 
the upper stratum was heated by the fire around which it was 
conveyed ; and when it had been once emptied in this manner^ 
a small fire was found sufficient to sustain a perpetual renewal 
of air, and prevent the men at work in the grave-pits from being 
subject to the extreme oppression to which they are otherwise 
liable, even when there may be no immediate danger. A mecha- 
nical power migbt be used for the same purpose, and chemical 
agents, as a quantity of newly slaked lime, are frequently em- 
ployed as they absorb the carbonic acid, Fi^m different cir- 
cumstances that have since occun^ed, it appears to me probable 
that numerous examples of strata or superficial soil, containing 
cai*bonic acid, may be more fi*equently met with than is gene- 
rally suspected, and that, while in graveyards the presence of 
large quantities of carbonic acid may often be anticipatedj its 
presence must not always be attributed solely to the result of 
the decomposition of the human body* From whatever source, 
towGYer, the cai'bonic acid may arise j it is not the less prone to 
mingle with the surrounding air ; and where the level of the 
floor of the church is below the level of the churchyard, there 
the carbonic acid is prone to accumulatOj as, though it may 
be ultimately dispersed by difiusion, it may be considered as 
flowing in the same manner, in the first instance, as water, where 
the quantity is considerable. 
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Note on Cleansing, Drainage, and Sewerage. 
(Text, p. 56.) 

a. Animal and vegetable matter, in a state of putrefaction, 
tends to produce disease, and is the cause of many of the most 
malignant maladies to which humanity is subject. 

h. Eren where the effects it produces are not marked, it is 
often the cause of a low tone of health, and leaves the system 
incapable of contending with evils which it might otherwise 
overcome. 

c. The immunity which some individuals have from evils pro- 
duced by such causes, is no argument against their general in- 
fluence. A well fed constitution, and a peculiar diathesis, may 
resist evils that lay numbers prostrate, and act with extreme 
severity on temperaments reduced by want, anxiety, fatigue, or 
other depressing circumstances, or exposed, in peculiar states of 
the atmosphere, to the causes of disease. Besides, there is no 
proof that powerful constitutions, whose vigour may protect 
them from the inroads of severe disease, are not deteriorated 
below the standard of health they would otherwise present, under 
circumstances that affect severely their less fortunate neighbours. 

d. All accumulations of decayed animal and vegetable matter 
which it may be impossible to prevent, should be isolated from 
dwelling-rooms, workshops, and other places in frequent or 
constant occupation, or they should be constructed so as to be 
controlled by ventilating arrangements that cause them to draw 
in air from other places., and not discharge their offensive at- 
mosphere, where it may enter into any ordinary apartments. 

e. A special flue, with a fire-place arranged so as to control 
effluvise from such sources, is essential, in many cases, to pre- 
vent offensive emanations, and to insure their decomposition, 
as they are subjected to heat in passing the fire. 

/. Even where no heat is employed to decompose such ema- 
*ions, the constant action of a current of air diminishes and 
their virulence. 



APPENDIX. 435 

g. Air from open sewers should be ayoided, presenting a con- 
stant source of deleterious exhalations, the less the flow of water, 
and the less the degree of dilution. 

A. In the same manner, if the air from open sewers be offen- 
sire, still more is the air from covered sewers liable to objection, 
the absence of light and fresh air preyenting decompositions, 
which tend powerfully to purify the air. 

L In the construction of sewers, accordingly, it is important 
to provide means of ventilation, not only with the view of oxidat- 
ing many of the noxious products developed there, the free 
action of the air tending ultimately, by its chemical influence, to 
purify and sustain, in a less fetid condition, the sides of the 
sewer, but also to dilute, to a great extent, the products that 
are evolved, and render them comparatively inoffensive. 

&. The more perfect the sewerage and drainage, the less 
the contamination from the air they evolve. The air from 
a sewer, however, must always be so far contaminated as to be 
offensive, even when the supply of water is considerable. Hence 
then, it should not be left to escape promiscuously at gully-holes, 
in the streets, but, whenever it is practicable, be discharged into 
the atmosphere, like other offensive products, by a shaft placed 
at the highest accessible point. 

I, When drainage and sewerage are imperfect, the gaseous 
products then liberated are necessarily the most offensive. It 
cannot be too particularly remembered, that it is the gaseous 
emanations from drains and sewers which are the true vehicles of 
disease ; and any power, accordingly, that can control and destroy 
such emanations, effects a powerful sanitory improvement, calcu- 
culated to afford great relief till effectual measures for better 
drainage and sewerage can be adopted. 

m. The ventilation of drains is a subject of great practical 
importance, and the key, as to the mode of management, will at 
once be understood, if the essential point be remembered that a 
power must be arranged so that instead of vitiated air parsing 
from the drains or sewer to the adjacent premises^ fresh air 
shall proceed from them to the sewer, aerating it freely, and then 
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carrying any impurities it may gain in its progress to the shaft, 
where it may be diluted or consumed. 

n. All dust-bins, sculleries, and similar places, should be 
treated in the same manner. 

o. When the barometer falls, offensive emantions from sewers 
may be perceived in almost all crowded cities and populous dis- 
tricts. In London, one may walk, from Maida-Hill to Lambeth, 
or from Kingston to Blackwall, and on examining any opening 
connected with a drain, the discharge of vitiated atmosphere will 
generally be perceived. 

p. The addition of lime-water, chloride of lime, or other 
chemicals adapted to peculiar circumstances, has a very purify- 
ing influence on the water of drains and sewers, and acts equally 
on ground contaminated by emanations from them. 

q. Where drains are not ventilated, the air in them generally 
becomes so bad, that it often proves fatal to enter them, if a 
circulation of air be not previously induced. 

r. Drains are protected by traps or valves from discharging 
noxious air into apartments communicating with them. The 
bell-trap, and the bricklayer' s-trap arc the most common an^ange- 
ments used for this purpose, the former being usually applied in 
sinks Avlicre a small flow of water is expected, and the other in 
large drains and sewers. All circulation of air is arrested where 
tlioy arc in use. 



Special Illustrations of the Influence of the Air 
OF Drains on Houses. (Text, p. bQ) 

1. In a house in Street, (London) the air in the ground- 
floor is so largely contaminated with noxious emanations from 
drains, that meat there usually becomes tainted in one day, in 
warm weather, while, in the upper apartments of the same house, 
♦.wo to three days elapse before a similar effect is pro- 
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2. The case recorded in page 335 gives an illustration, 
where, for a long period, the whole basement of an hospital was 
flooded with impurities from the drains. 

3. In the Court, having been dissatisfied with the 

condition of the air, after considerable arrangements had been 
made to improve it, the whole floor was at last taken up, and 
it was soon discovered that a drain which passed under the 
benches near the judges' seat, had been cut through with the 
view of obtaining a passage for a hot-air copper pipe, and left 
perfectly open, excepting the trifling amount of area closed by 
this pipe. This, at once, explained the cause of endless com- 
plaints which had never been intermitted, for a single session, 
during the preceding fifteen years. 

4. In another court, the whole products of waste cabbage- 
water, &c. &c., from the public kitchen, evaporated from a cess- 
pool under it, which had not been cleaned for twenty years. 
When the cess-pool was examined, I found that it had no com- 
munication whatever with any external discharge, and that dur- 
ing the long period mentioned, there was abundant evidence to 
prove that all the liquid products it received had no escape, ex- 
cept by evaporation into the atmosphere that supplied the courts 
above. 

5. In the Barracks, in consequence of the non- 
ventilation of a drain, the men were exposed to an intolerable 
current of air from it, fertile in the production of disease. 

6. In the Barracks, meat could not, in general, 

be kept fresh a single day, during summer, and all wounds were 
prone to assume an erysipelatous character, in consequence of 
the emanations from drains, and materials in a state of decom- 
position in the vicinity. 

7. In many of the larger mansions, nothing is so commonly 
observed as the vitiated air from drains, kitchens, sculleries, and 
dust-bins, finding its way to the basement, and from there to the 
whole of the house. 
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Extract from Dr Reid's Explanations on Smoke, 

PRINTED IN THE REPORT OF THE COMMITTEE OF THE 

House of Commons on Smoke. 

" The term smoke, applied in common language to any ' sooty 
exhalation' or * steam,' includes a great number of products,'ever 
varying according to the nature of the materials from which it 
proceeds, and the manner in which they are subjected to the 
action of heat and air, or other materials. 

" I. Black smoke consists essentially of carbon, separated 
by heat from coal or other substances. 

" 1. If this smoke shall have been produced at a very high 
temperature, the carbon forms a very loose and powdery soot, 
comparatively free from other matters. 

" 2. The lower the temperature at which black soot is formed, 
the larger the amount of other substances with which it is 
mingled, among which, the following may be more particularly 
noticed : — Carbon — water — resin — oily and other inflammable 
products of various volatilities — ammonia — carbonate of am- 
monia. 

** i\. When the carbon, oils, resin, and water, are associated 
to^^ctber in certain proportions, they constitute tar. Soft 
riT(.ii is produced, if the tar be so far heated that the water is 
oxpdled, and hard pitch, le,, resin blackened by the carbon, when 
the oils are volatilised. A further heat resolves the pitch and 
oils into permanent gases and carbon. 

" 4. In all cases of ordinary combustion, carbonic acid is formed 
by the acti<m of red-hot cinders on the oxygen of the air, and is 
accoiiipanied by the nitrogen of the air. This carbonic acid is 
<liH('liar^^ed in general as an invisible gas.* 

'Ml. lUack smoke is always associated with carbureted hydro- 
K<Mi gases, composed of carbon and hydrogen in various propor- 
tions. IMiese may be mechanically blended with the oils and re- 

'*«xber 5 is omitted liere, as it is explained particularly in paragraph 529, 
^t follow it. 
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sins, but must be carefully distinguished from them. They form 
more essentially, when in a state of combustion, the inflammable 
matters that constitute flame, the luminousness of that flame 
being enriched by the amount of carbon, and of oily and resin- 
ous matter associated with it. 

" 7. Smoke that contains much oily and resinous matter at 
one part of a furnace, may become, in a great measure, carbon- 
aceous and gaseous at another. 

" 8. The richer a gas is in carbon, the more apt is it, when 
heated intensely, to become decomposed, and deposit black car- 
bon. 

" 9. The elements, in ordinary coal, are carbon, oxygen, hy- 
drogen, and nitrogen. In all cases when the combustion of the 
coal is complete, carbonic acid, water, and nitrogen gas, are the 
sole products, whatever intermediate products may be formed, 
and appear for a time as carbon, oils, inflammable gases, &c. 

" The carbon of the fuel, with the oxygen of the air, forms the 
carbonic acid. 

" The hydrogen of the fuel, with the oxygen of the air, forms 
the water. 

" Any oxygen in the fuel assists the oxygen of the air in the 
production of these compounds. 

" The nitrogen, both of the air and of the fiiel, i^ detached. 
"10. In peculiar furnaces, carbonic acid may be formed and 
decomposed many successive times before the final product is 
evolyed. 

"11. The drier and the warmer the air, the more does the 
watery vapour become dissolved in it. In a cold and damp atmo- 
sphere, the non-absorption of the watery vapour adds greatly to 
the apparent bulk of smoke, forming then vesicular vapour, simi- 
lar to what is observed in a cloud. 

" 12. When coal contains sulphur, this element may ap- 
pear — • 

"1. As sulphur, if simply sublimed without coming into con- 
tact with air. 
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'2. As snlpliiiroiui add, if ixxjgemteA (snlplmric add 10 
ftnned by fbrther ozygenatioii). 

» 3. As liydnMnilpliiiric add, if oombined with bydrogen. 

** 4. As 8iilpbite» aolpbaie, or bydranilpbate of anunoiiia^ if 
addifled by orygen or bydrogen, and then combined with am- 
nunua. 

" 5. As bisolpbnzet of carbon, if oombined with this ekmont. 

** These remarks explain the more leading points coimected 
with the produGtion of black smoke. To enter into ftarther de- 
tails, would be to introdnce an extensiye series of qnestions, 
wbicb baye largely engaged the attention of modem cbemistry, 
and opened a field of diseoyery in the fixrmation of new com- 
poonds i^parently inezhaostible, and bearing intimately on many 
of the minnte changes attendant on the combustion of fiiel. 

*^ 13. When the draogbt of a furnace is powerital, minnte 
fragments of raw coal occasionally appear in the smoke. 

'* n. Smoke fr<«i charcoal, coke, and anthradte. In this 
case, the smoke is always inyisible, if the material be dry, 
nothing but carbonic add or carbonic oxide gases being formed, 
according to the supply of air. A flame may appear, howeyer, 
if carbonic oxide be formed by part of the carbon, as yet uncon- 
sumed, decomposing the carbonic acid in the manner already 
explained. The gases escaping are mixed necessarily with the 
nitrogen of the air from which the oxygen has been taken. 

" III. Wood Smoke or Pyroligneous Smoke is rarely 
black, the large amount of gases eyolyed carrying them away be- 
fore they can be subjected to that intensity of heat whiqh alone 
determines the production of thick black smoke. The gaseous 
products are essentially similar to those from coal in their lead- 
ing features in respect to combustion, howeyer different many of 
them may be in indiyidual properties, and in particular, wood 
smoke is in general highly acid (pyroligneous or acetic acid being 
present) ; and hence the extremely irritating nature of the pro- 
ducts, compared with those from coal, the latter being ammonia- 

•Mid alkaline. Both contain carbonic acid. 
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^^ Water and carbonic acid are the products of the combustion 
of wood. 

" Smoke erolTod in the rariouB mannfactiiring operations, 
carried on in chemieal works, contains frequently, in addition to 
the preec^ding substances, peculiar matters separated fi^om the 
materials employed, and modified more or less by the action of 
air or fuel, of which the foUowing may be taken as examples : — 

" IV. Sulphureous Smore, — Tons of sulphur are annually 
evolved, in Tarious conditions, from copper* works. Offensive 
sulphureous smokes, visible or invisible, are often evolved fi^om 
Tai'ious chemical works. 

" Y< Hybrochlortc Acid Smoke is evolved in general La 
larger quantities from alkali works. 

" VI. Metallic Smoke, as from lead, copper^ and arsenical 
Tvorks, the offensive matter consisting in general of the oxidated 
metalj in a minute state of division, and suspended in the air* 

** VII. Empyreumatic Smoke from organic products, as 
from all varieties whatsoever of animal and vegetable matters, 
evolving offensive products on the application of heat^ all of which, 
in the same manner, as the emanations from drains, can be 
completely destroyed, and rendered aa inoffensive as that from a 
common fire, by subjecting them to heat before they escape into 
the external air* 

" Vni, PuTREBCENT Smoke, loaded with the products of 
decayed animal and vegetable matter, is evolved, in some cases, 
from manufactories J and also from drains^ in visible vapours, 
more especially in damp iveatter, when the barometer is low. 
The foetid particles associated with moisture in this smoke are 
entirely decomposed when subjected to heat. At the Houses of 
Parliament, at the Queen*s Bench Court, at the York Boad 
Hospital, and at various other places, shafts have beeji erected 
for this purpose. In the year 1831, the exhalations from a 
boiler charged with twenty tons of bluhber^ for the preparation 
of train-oil, were rendered imperceptible in this manner/' — See 
Report on tlie Smoke Nuisance by the Committee of House of 
Commons, 1843. 
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Queries (See Par. 142, 143.) 
For consideration before determining ventilating arrangements. 

1. Is the external air pure, or is it subject to contamination 
from inefficient cleansing or drainage, or the eyolution of vitiated 
air IVom drains. 

2. If the external air be vitiated, can it be improved with 
fhcility, and docs the surface of the ground require any lime, chlo- 
ride of lime, or other materials, to bring it to a proper condition 1 

3. Is the vitiated air from dust-bins, sculleries, kitchens, &c. 
secured and discharged by an independent channel, or does it 
pass into the apartments generally by halls and passages ? 

4. In what mode is the ingress of air regulated ? 

5. What is the total area of openings for the ingress of air ? 
C. What is the total area for the discharge of vitiated air? 

7. Is the air discharged by chimney-flues, or appropriate ven- 
tilating channels ? 

8. Does the air enter from the level of the ground, and is the 
surftwo in the vicinity protected from impurities ? 



First Series of Diagrams. 

9. Docs the air ascend directly from below and escape above, 
being protected from external currents (Diagram 1), or is it sub- 
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ject to any force, external of internal, tending to alter its course \ 

10. Is the impetus of wind upon the ingress much more power- 

fa\ tvom some quarters t\\aiv ^Tom oVW^,*ei^d does it floM' {is shewn 
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in Diagram 2, the force of wind at/ controlling all its moyements, 
and is any yalre provided to regulate its action t 

11. Can artificial power be placed at /, Diagram 3, to force 
in a supply of pure air, should it be required on special occar 
sions ? 

12. Or is the application of power there altogether imprac- 
ticable, though it may be introduced with facility at/, Diagram 4. 

13. Is a mechanical power at/ (Diagram 4) too troublesome, 
and can a fire, a candle, an oil-lamp, or a gas-lamp, be used at 
/, Diagram 5, with perfect security against any danger from 
fire ? Or can any lamp in use be employed for an equivalent 
purpose ? 

Second Series of Diagrams, 

14. In more complex structures, is the air allowed to enter as 
accidental circumstances may determine, or is each room sup- 
plied by a regular and appropriate channel. 

15. If this be the case, and the large circle. Diagram 1, in- 





dicate a reservoir, in which air can be prepared or used as it 
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enters, the smaller circles representing individual apartments sup- 
plied from it, and the upper circle pointing out the vitiated air 
before it be discharged, then are valyes arranged so as to isolate 
indiyidual apartments not in use, so that there need not be any 
loss or expenditure either of warm air, or of ventilating power 
upon them ? 

16. Can the hall and passages. Diagram 2, be made the re- 
servoirs of heated air, instead of fitting up a separate chamber 
for this purpose ? If it shall have been impossible to gather all 
the ventilating channels in one external discharge, are the sepa- 
rate discharges. Diagram 3, so freely supplied with air, and so 




protected where they meet the external atmosphere, that tlie 
vitiated air from thera escapes with facility ? 

17. Is the kitchen so imperfectly supplied with air, Diagram 4, 



A 1^ 




4 5 

and the fittings of external doors and windows so tight, that 



APPENDIX. 



445 



the kitchen draws down air from the hall or passages, which 
receive air from the adjoining apartment, and renders them all 
liable to smoke, no adequate supply being provided for it ? 

18. Do some of the apartments smoke, and supply air to 
others through the intervening passages, Diagram 5 ? 

19. Is the case such, that vitiated air at the ceiling or roof 
cannot be certainly discharged without power, — that this power, 
from local circumstances, cannot be applied there ; and that it is 
necessary to erect a power at /, so that the air which is discharged 
shall be conveyed from the ceiling by an air-tight channel to/? 

20. Is it better, from the circumstances of the case, to blow 
in air entering by one channel, so as to supply an air drain, which 
which shall give air to each individual apartment, Diagram 7 ? 

21. Or is it preferable that each separate apartment shall be 




r 




provided with an independent ingress, though these may termi- 
nate ultimately in a common egress, where a fire or a mechanical 
power may be applied above. Diagram 8 ? 

22. Do the peculiarities of the structure render it advisable 
to trust solely to a power placed above at/, or are there peculiar 
occasions for which extra provision is indispensable, the power 
there not being sufficient, extra force being then also applied at 
/ below, Diagi'am 9 ? 

23. Is even this provision not sufficient in the case under 
consideration, and must some special additions be made to enable 
matters to proceed with satisfaction ? See Diagram 10, page 49. 

24. Do the arrangements indicate the necessity of two sepa- 
rate channels for the ingress of air, however unequally they may 
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be subdivided, tbougb they may ultimately terminate in one ex- 
ternal discharge, Diagram 11 ? 
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25. Is it an object, when the air which enters is divided into 
two portions, each passing to very different channels, c and d, 
Diagram 12, that the air from c should not enter an ascending 
shaft, except at some distance above the fire- 
place, that it may be far beyond any fire or 
flame, such as might produce dangerous 
effects ? Such arrangements are common in 
mines. When air proceeds from a part of 
the mine which gives out no offensive and 
inflammable gas, air from it may accordingly be led freely from 
it to the ventilating fire. But if c abound in fire-damp, it must 
enter at such an altitude as may prevent all chance of ignition 
from the fire below, Diagram 12 ? 

26. In houses, ships, mines, and manufactories, the position 
of the discharge for vitiated air cannot be too central, as then 
the vitiated air has not in any case to traverse so great a distance 
as might otherwise be necessary. Diagram 13 represents the 

k 




movements that might be induced from the ceiling of three dif- 
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ferent decks on board ship, were a central ventilating power or 
force applied at d. Such a power is occasionally arranged, so 
that its action may be reversed by a very simple movement. 
Diagram 14 illustrates a case of this kind. But when air is 
blown into diflferent decks or apartments, the apartments above 
that are best for the egress of vitiated air, are not always the 
most suitable for the ingress of fresh air. 
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27. In looking to the movement of air through individual 
apartments, its effects are often exceedingly local, if one aperture 
for ingress and another for egress be alone provided, Diagram 15. 
But if these apertures be extended, so that the air be diffused 
more equally throughout the apartment, a small quantity of air 
produces much greater effect, an offensive local current is pre- 
vented, and a less elevated temperature is necessary than would 
otherwise be required. 
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Air, atmospheric, 2, 149, 215. 

composition of the, 160. 

warm and cold, 164. 

morning and evening, ib. 

noon and midnight, ib. 

land and water, ib. 

summer and winter, ib. 

spring and autumn, 165. 

high and low. ib. 

drained and undrained, ib. 

mountain and valley, ib. 

sunshine and shade, ib. 

town and country, 156. 

dry and moist, ib. 

north and south, 167. 

east and west, ib. 

amount of, required for ventilation, 
174. 

pump, 110. 

purification of, 209. 
Ammonia, 206, 214. 
Appendix, 429. 
Appetite, 180. 

Architecture and ventilation, 78. 
Argand lamps, 260. 
Artificial atmospheres, 215. 
Ascending atmosphere, 85. 

Bellows, 110. 
Boccius-light, 265. 
Bude-light, 263, 

Candles, 254, 258. 
Carbonic acid, 163. 

oxide, 202. 
Carbonometer, 65. 
Chapels, 40. 

Chimneys, smoking, 133. 
Chlorine, 212. 
Churches, 40. 
Cleansing, 53. 
aothing, 227. 
Coaches, ventilation of, 346. 
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Coal gas, 202. 
Coke fire, 231. 

use of, 234. 
Combustion, 221, 223. 
Commons, House of, 274, 294, 13. 
gas introduced, 300. 
first trial of ventilation, 325. 
Communication of sound, 310. 
Conduction, 226. 
Currents of air, 83. 

from cold windows, 116. 

Descending atmospheres, 85. 

fire, 223. 
Destruction of noxious gases and va- 
pours, 58. 
Diffusive ventilation, 88. 
Drainage, 53. 
Draughts, 83. 
Dry rot, 74. 
Duke de Croy, 50. 

Egress of air, 82. 
Electricity, 147, 193. 
Elementary illustrations, 114. 
Evaporation, 152. 
Exclusive lighting, 257, 303. 

g^s-bumers, 30. 
Experimental-room, 303. 

Fan, 105. 
Fanner, 106. 
Faraday's burner, 266. 
Flame, form of, 260. 
Fumigations, 212. 

Gases, remarks on, 141. 
diffusion of, 145. 
elasticity and compressibility of, 

144. 
absorption of, 147. 
weights and volumes of, table of, 

148. 
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Gas-bomen, exduBive/ 303, 30. 

yentilation of, 30, 303, 
259, 307. 
Gas-lamps, 259. 
General conclusions, 112. 

considerations, 26. 
Grave-yards, 49. 
Graves, ventilation of, 53. 
Guy Fawkes's vault, 287. 

Habitations of rich and poor, 29. 
Hammocks, 353. 
Health, improvement of, 19. 
Heat, 221. 

communication of, 225. 
Hot-water apparatus, 225. 

mild, ib. 

high temperature, 252. 
Hospitals, 335. 

House of Commons, 294, 13, 274. 
Houses of Parliament, 270. 
House of Peers, 287. 
Huts, 38. 
Hydrochloric acid, 204. 

Improvement of health, 19. 
Impurities in air, 

ammonia, 205. 

carbonic acid, 198. 

carbonic oxide, 202. 

coal gas, 202. 

contagion, 205. 

disease, ib. 

furnaces for decompos- 
ing, 60. 

furniture, 207. 

lledley's apparatus for 
condensing, 61. 

hydrocliloric acid, 204. 

malaria, 205. 

mechanical, 206. 

metallic impurities, 205. 

putrefaction, ib. 

smoke, 58. 

Bulphureted hydrogen, 
203. 

sulphurous acid, ib. 
Ingress of air, 82. 
Invalids, rooms for, 335. 
Introduction, i. 

Lamps, 254. 
liarge buildings, IVS'J. 
liateral movements, 86. 
liCssous on science, 119. 
Life, standard of human, i^O 
Light, 190, 2l>l. 
Light, electric, 22-'. 
lime-ball, ib. 
Lighting, exclusive, -57. 



Light-house, 344. 
Lime-whiting, 211. 

Manby*s burner, 267. 

Mansions, 333. 

Medicator, 402. 

Metallic impurities in air, 205. 

Minden, 369. 

accident in, 371. 
Mines, ventilation of, 419. 

Clanny's lamp, 426. 

Davy's lamp, 426. 
Miscellaneous illustrations, 134, 329. 
Mixed ventilation, 123. 
Modifying causes, 184. 
Moisture, 152, 187. 
Motive powers, 92. 
Movements by heat, 95. 

Naphthalized gas, 267. 
Nature of ventilation, 81. 
Natural ventilation, 93. 
Niger steam-ships, 400. 

Dr M<William's report, 409. 

medicator, 402. 

plenum impulse, 404. 
Nitrogen, 162. 

Nuisances affecting air of House of 
Commons, 297. 

Oil-lamps, ventilaticm of, 254. 
Open fire, 229. 
Opera, 340. 
Oxygen, 161. 

Parliament, Houses of 270. 
Peers, House of, 287. 
Plenum ventilation, 121, 404. 
Pressure, 196. 
Prisons, 338. 
Punkah, 105. 
Purification of air, 209. 

Queries, preliminary, before arranging 
plans for ventilation, 442. 

Radiation, 225. 
Refreshment rooms, 182. 
Respiration, 15, 168. 
Rooms for invalids, 335. 

Safety lamps, 426. 

Sailors asleep, 28. 
I School-room in St Giles's, .'JO. 
I Science, lessons on, 19. 
' Screw for ventilation. 109. 
, Sewerage, 53. 

Shaft, at House of Commons, :;?84. 
1 for ventilating drains, 57. 

Ships, ventilation of, 348. 
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Ships, movement of air in, 385. 

convict, stationary, 307. 

eighty-gun, 373. 

floating chapels, 365, 398. 

gallie-fire, 361. 

general illustrations, 368. 

Hospital, 365. 

light-room, 387. 

magazines, 386. 

mechanidd instruments, 362. 

Minden, 369, 371. 

Niger, steam, 400. 

river steamboats, 395. 

slave, 415. 

small, 390. 

vacant spaces in, 380. 

windsail, 360. 

yachts, 394. 
Sleeping-berth of sailor, 351. 
Smoke, 58. 

Smoking chimneys, 133. 
Soporific rooms, 32. 
Sound, communication of, 310. 

absorption of, 321. 

defective communication of, 3] 4. 

discharge of, 316. 

excessive, 321. 

intensity of, 320. 

intonation, 317. 

power of the voice, 323. 

prolongation of, 318. 

purity of, 321. 

reflection of, 316, 317, 319. 
Spires, ventilating, 46. 
Steam, 241 . 
Steamboats, 364, 395. 
Stove, 236. 



Stove, Amott, 237. 

high-temperature, 236. 

low-temperature, 237. 

porcelain, 238. 
Sulphureted hydrogen, 203. 
Sulphurous add, 203. 

Tables for registration of. ventilation, 

327, 328. 
Temperature, 184. 
Theatres, ventilation of, 339. 
Throne, the, 291. 
Transpiration, 172, 

Vacuum ventilation, 122. 

Vapour, 153. 

Ventilation, amount of air required for, 

174. 
Ventilation by fanner, 107. 

heat, 105. 

mechanical powers, 

pumps and bellows, 111. 

punkah, 106. 

screw, 109. 

steam, 104. 

wind, 103. 

windmill ventilator, 110. 
Vitiated air, 198. 

accumulation of, 87. 
Vinegar for purifying air, 213. 
Voice, power of the human, 323. 

Washing, air-chamber, 287. 
Windmill ventilator, 110. 
Windows, 80. 

double, 117. 
Windsail, 360. 
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